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ABSTRACT 
e sment of a ailabil ity and mobil ity i required to pred ict the behavior of hea meta ls in 
dam' sediments ,  which hold up rainwater and make u e of them. Therefore, a tota l number of 
ninety-three of ediment ample col lected from the major dam AI -Shuweib, AI-Bih, A I ­
Tawiyeen and Ham dam were anal zed by severa l sedimento logica l and geochem ical ana lyses 
procedures for Cu, Cd, r, Pb, Zn, A I, and Fe. The samples were in estigated for mineralogy 
u ing X-ra diffraction analy e for non-clay and clay fractions. ICP-OES and Atomic 
Ab 'orption pectrophotometer (AA ) were u ed to mea lire the concentration of heavy meta ls .  
The tat i tica l treatments and graph ical presentations of the obtained data are conducted by 
means of E ce l ( M icro oft orti ce 2003 , windows xp). The corre lation matrixes of the obtained 
data of the chemica l and contro l l ing parameters prepared using J U M PrN and SPSS version 
oftware. Google Earth oftware was used to percent the location of the studied areas and G I S  
u ed to distribute the hi  togram of  e lement o n  the maps. 
equential extraction procedures were II ed to pred ict the percentages of the Cu, Cd Cr, 
Pb, and Zn pre ences in each of the sediments geochemical phases. The non-clay minerals of 
the and s ize fraction are composed main ly of quartz, ca l cite dolomite, serpentine, plagioclase, 
amphibole, and pyroxene. The clay mineral assemblage encountered in the ana lyzed samples is 
composed of quartz as major minera l ,  I l l ite as subordinate mineral and ch lorite as minor 
minera l .  These mineral phases are not l ikely to contribute to the metal load or act as source of 
toxic heavy meta ls .  The studied sediments samples from the dams were not enriched with Cu, 
Cd, Cr, Pb, Zn A I .  as evident from the cal culat ions of the enrichment factor' however, the 
sediment were s l ightly enr iched with Fe. 
A ccording to the index of geoaccumulat ion, the sed iments of the investigated area can be 
de cribed as uncontaminated with respect to Cu, Cd, Cr, Pb, Zn, and uncontaminated to 
moderate ly contaminate with respect to A l  and Fe. The measured meta ls corre lated posit ive ly 
\\-ith the determined physio chemical factor such as pH, TDS, CaCO), TOM, P20S, and CEC 
differentiated depend on the nature and grain s ize of each dam; indicating that these 
physicochemical condit ions could control the geochemical behavior of the analyses heavy 
metals. The con centration of Cu, Cd, Cr, Pb, Zn, A l  and Fe contents are nearly reflected the 
background values. The sequential  extract ion procedure and geochemical fract ionation ind icate 
that most of analyzed e lements are associated main ly with the res idual phases and are re latively 
immobile. 
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1 .  I NTRODUCTION 
lthough total metal concentrat ions indicate the 0 eral l  Ie el of  metals in  ediments, 
the provide no infonnation regarding the chem ical nature or potential mobil ity and 
bioa ai labi l i t  f a particular element (Vijver, et a I . ,  2004; Jin, et a l . .  2005 and 
Powel l ,  et al .  2005) .  s e ment of avai lab i l ity and mobi l i ty are required to elucidate 
th behavior of hea metal in sediment and to pre ent potent ial toxic hazard 
( i t  eira, et a i . ,  2006). Trace metals rna be di tributed among several sediment 
component and may be a ociated with these components in different ways and 
trengths. The pre ent tudy focu es on the pos ibi l ity of metal remobi l ization from 
ediment material which wi l l  depend on the type of metal l inkages to the sediment 
material and the pos ib i l it ie of transformation in more labi le species.  This is 
important because l ight changes in metal avai labi l ity in environmental conditions can 
cause these elements to be to ic to animals and plants .  The present research work 
intended to assess the mobi l i ty of Pb, Cd, Zn Cr, and Cu in sediments systems based 
on publ ished sequential e traction procedures which mainly dependant on the 
chemical form of sediments-metal interaction. Those metals have been chosen 
primari ly because they are ery common contam inants coming mainly from 
Anthropgenic sources and they are toxic at high levels of concentrations. However, 
knowing that metal assoc iated with the aqueous phase of sediments can be transported 
to groundwater and be avai lable to ecological receptors, it becomes important to know 
the form of association of metal to various geolochem ical phases .  In other words the 
research wi l l  demonstrate whether the geochemical forms of the sediments can hold 
the metal in immobile form and consequent ly  prevent them from reaching ground 
water or not. The bulk chemical analyses wi l l  a lso help to identify possib le 
contamination i n  reservoirs using the geoaccurnulation indices, enrichment factor, and 
through doing some comparisons with some regulatory and health standards. In  
addition, the relation between the distribution of heavy metals and the different 
physico-chemical conditions wi l l  be demonstrated. The mineralogical and textural 
analyses were performed in an attempts to characterize the sediments and to relate the 
geology of reservoi rs locations to metal content of the studied sediments of the 
reservOirs. 
2 
1 . 1 .  C l i mate a n d  Wate r Resou rces i n  UAE 
The c l imate in AE i arid with ery high ummer temperatures. The inhabited area 
has a hot and hum id cl imate in the summer (May-October) with temperatures and 
relati e humidit reaching 46°C and 1 00% respectively. Winters are general ly mi ld 
with temperature bet\ een 1 4  and 23°C . The interior desert region has hot summers 
vvith temperatur ri ing to about 50°C and cool winters during which the lowest 
temperature may fal l  to 4° ( Boer, 1 997; En ironment & Agriculture infonnation 
center, 2007; ( FEA), 2008 and Mini try of Presidential Affaire, 2008). Mean annual 
rainfal l  is about 1 00 mm, almo t 90% of rainfal l  occurs during the winter (October­
March) and the \! ette t month is February. Spring and summer witness only 
occa iona1 concentrated heavy rainfa l l .  The rainfal l  distribution is  highly variable 
o er pace and t ime. Rainfal l  tends to be more re liable in the northeastern mountain 
region ( FEA, 2008 and Mini stry of Presidential Affaire, 2008). The average annual 
groundwater recharge is about 1 20 mi l l ion cubic meters ( Ministry of Environment 
and Water, 2007). The over-e traction of groLmdwater resources has led to lowering 
of the water table by more than one meter on average dur ing the last two decades, 
whi le eawater intrusion is increasing in the coastal areas ( M inistry of Environment 
and Water. 2007). It is  important to uti l ize the rainwater by expanding the water­
harvesting project or enhanc ing water recharge projects ( Environment & Agriculture 
Information Center, 2007). However, it is import to test the qual ity of sediments of 
these dams, which the rainwater wi l l  pass, or recharge to the grOlmd. 
1.2. Dams i n  UAE 
Several dams in  the study areas were bui l t  to increase the groundwater recharge in 
AE. A number of these have been built  at  various locations in the major wades 
(Environment & Agriculture Information Center, UAE, 2007). There are about 1 1 4 
dam and embankments of various d imensions having a total storage capaci ty about 
1 22 mi l l ion cubic meters (Ministry of Environment and Water, 2007). 
1 .3. Overv iew of the Investigated Site 
The study area inc ludes four main dams in different location in  the UAE (Figure 1 . 1 ), 
and their location characterized by different geological formations for example AI­
Shuweib dam i s  relatively c lose to  the carbonate formations of label Hafit  and it about 
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Figure 1 1. Locations of the investigated dams. 
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The re t of the dam which include AI -Bih Al -Ta iyeen and Ham dam, are 
locat d in  northern part of the country were dominated by both ophiol i te sequence of 
man 0 erthrust igneou and carbonate sedimentary formation. W ith a very hot and 
hum id c l imate the rate of e aporation wi l l  increase in the summer, shows the most 
appropriate type of dam on the nature of the tate is the temporary detention dams 
that feed water project . 
1.3. 1 .  Wadi AI-S huwe i b  Dam 
AI- huweib dam buil t  in 1 990 to col lect 3 1  m i l l ion cubic meters of annual rainwater 
and is located 78 k i lometer from AI-Ain c ity. The water is used in surrounding land 
rec lamation for aquculture pruposes. The dam is 3000 meters long, and 8 meters high 
at the top of the riprap ( Environment Agency, 2007). The type of this dam is sandy 
and gravel dam ( Ministry of Environment and Water, 2007). As can be noticed from 
Figure ( 1 .2 )  there are scattered vegetation around this dam . Also c lose to this dam, a 
major highway is  cOlmected AI-Ain c i ty with AI-Fujirah city, which can be 
considered as a source of pol lution. 
1.3 .2 .  Wadi AI-B i h  Dam 
This 1 . 8 mil lion square meters gravel and ripraped faced dam ( Environment & 
Agriculture Information Center, 2007) i s  located in  northern agricu ltural region. The 
main purpose of this dam was to recharge grOlmd water aquifer for the region of 
Albrairat and Hamraneh (Ministry of E nvironment and Water, 2007). It i s  built on 
October 1 982 with capacity of 7 .5  m i l lion cubic meters. As i t  can be observed in  the 
Figure ( 1 . 3 ), the dam has gravel floor, which enhances water infiltration and the 
carbonates sedimentary rocks surround this dam. 
1.3.3. Wadi A I -Tawiyeen Dam 
Thi dam is 342 meters long, and 23 .5  meters height with storage capacity of 1 8 . 5  
m i l lion cubic meters and is  located one k i lometer from Dibba c ity. The total length o f  
this val ley reached t o  5 k m ,  and the main obj ective of the dam is t o  slow down the 
runoff, which spreads in the gravel plain.  M any val leys meet in this main val ley such 
as SAhakh, Walueen, Khab, H iyar, K hrus, R iyama, Jareef, Sarrn, Mehterga, Yaqel ,  
Sadkh Awsaj ,  M aya, and Nimr ( Munic ipa l ity of Dibba, 2006). 
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Figure 1.2. View of Wadi AI-Shuweib dam . 
Figure 1 . 3. View of Wadi AI-Bih dam. 
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The area of Toben c n ider a the riche t of rainwater, therefore the dam type is  
o i l  and gra el ly. The contraction of the dam was completed in Apri l 1 99 1 .  The 
catchments area of the dam is 1 90 km
2 
and reser oi l' area is 3 .24 m i l l ion square 
meter (Mini try of Environment and Water, 2007; M un ic ipa l ity of AI-Fuj irah, 2006). 
can be obser ed in Figure ( 1 .4) ,  scattered trace and some deposit ional landforms 
exi t around and v i thin th body of thi dam . The depsitonal features could fotm a 
future problem by plugging the pore of the earth fi l l  materia l .  
1 .3 .4. Wadi Ham Dam 
Thi Wadi from the region of Massafi with a length of about 30 k i lometers and is  
I cated in the eastern region of the UAE,  i t  is the largest and longest dam in the 
country. Its purpo e i to direct the surface water to Wadi Laham to recharge the 
aqu ifer and to halt the advancement front of seawater. In addition, to other objectives 
such as protect ion from flood risk and improve the qua l i ty of water and feed the dam 
area . M any branch wadis contribute to the drainage area upstream of the dam and 
these branches are wadis of Furfar Saham, Beiga, M udouk, and A l ihatt i .  
The dam opened o n  1 5th February 1 983 and serves the c ity of Fuj arah, Madouk area 
and Furfarah. The body of the dam is composed of three parts '  the main body, the 
northern dam and the southern dam. General ly the dams form a hal f  c ircle shape 
which is 2 .5  k i lometers long and stores about 1 0  m i l l ions cubic meters of water which 
increases the storage reservoir of water suppl ies (Municipal i ty of Al -Fuj irah, 2006). 
The length of the main wing of the dam is  600 m and the height i s  1 6  m, whi le the 
width at bottom is  92 m and 5 m at top. The dam has two water disposing channels .  
The first channel i s  62 m long and 1 2  m high, with a capac i ty of passing 889 m3 of 
water per second. The second channel i s  1 1 8 m long and 1 2  m high, with a capacity of 
pa s ing 1 7 1 1 m3 of water per second. These channels  serve as safety releases during 
high floods (Ministry of Environment and Water, 2007). As shown in  the Figure ( l .5) ,  
rock fragments of d ifferent colors exist  which could be derived from the nearby 
ophiol i te sequence. 
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Figure 1 .4.  View of Wadi AI-Tawiyeen dam. 
Figure 1 . 5. View of Wadi Ham dam. 
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1.4. The Sign ifi c a n t  of Dams i n  UAE 
In  E, the groundwater remo ed b pumping is  greater than natural recharge. The 
dec l ining in groundwater wi l l  put pressure on the urban settlement, and it is possible 
to ec abandon d farms because of the lack of fresh water resources near AI- huweib. 
De al ination ffer a olution for domestic consumption but the l ink between the 
1'0 i l  fuel and the de a l inated water co t ly as i the carbon footprint. Therefore 
increasing rain ater harve t ing in  UAE to increa e options for potable water could be 
con idered a a viable option , and this can be done by establishing recharge types of 
dam . The mo t appropriate types of dams are detention types that are designed to 
increase groundwater recharge and to stop seawater intrusion. In addit ion, it can 
provide a source of water for agriculture and drinking, protect from risks caused by 
floods and reduce the damages, use of sediment accumulated behind the dam to 
improve agricul tural soi l s  ( M inistry of Environment and Water, 2007). 
1.5. E n v i ron menta l  Sign ifi c a n t  of H eavy Meta ls a n d  the i r  R i s ks 
Heavy metal are those having large atomic number, and are widespread in nature. 
Heavy metal s  are used in industrial advance technological countries. Some are 
physicologica l ly essentia l  for plants and animals, and thus have a direct impact on 
human health, agricultural productivity,  and many are significant as pol lutants of 
ecosystems throughout the world. Heavy metals are found in surface, groundwater, 
seawater, marine organisms and sediments (Al loway, 1 990). The concentration of 
heavy metals in sediments and soils can be influenced by variation in their texture, 
composi tion reduct ion/oxidation reactions adsorpt ion, and physical transport or 
sort ing in addition to anthropogenic metal input (Ahumada, et a l . ,  1 999' Adriano, 
1 999 and Howari and Banat, 200 1 ). 
1.6. So u rces of H eavy Meta l P o l l u tes i n  So i l  
Some of the major sources of heavy metals pol lutant in soi ls  are atmospheric pol lute 
from motor vehicles. The use of leaded petrol has been responsible for the g lobal 
dispersion of Pb aerosol s  (Al loway, 1 990). The disposal of ash is  a further source of 
heavy metals (Howari et al. ,  2005) .  In agricultural fert i l izers and pestic ides, several of 
these including phosphatic ferti l i zers, s lags from iron manufacture, pestic ides and 
herbicides contain combinations of heavy metals .  
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rgallic manure incl ude poultry manure , which may contain high content of 
u or concentrations fed to improve food conver ion effic iency. The di posal of 
urban and indu trial wastes can lead to soi l pol lution from the deposition of aerosol 
part icle emitted by the incineration of metal -containing materials .  The care less (or 
unauthorized) dumping or di po al of metal -containing i tems, ranging from dry-cel l  
batterie d and l Ig) to abandoned cars and car components (e .g .  Pb-ac id 
batteri ) can give ri e to mall areas of very high metal concentrations in soi ls 
(Forstner, 1 98 1 ) . The di posal of some domestic wa tes by burning or burial in the 
garden can al 0 result in local ized anomalously high concentrations of metals, such as 
Pb, in soi l u ed for growing vegetables. Metal lurgical industries can contribute to 
oi l  pol lut ion in everal ways such as by emissions of fumes and dusts containing 
metal , which are tran ported in the air and eventually deposited onto soi ls  and 
egetation. I so by effluents which may pollute soils when watercourses flood or by 
the creat ion of waste dumps (and scrap yards) from which metals may be leached and 
thu pol lute tmderlying or nearby soils. Metals are dispersed in dusts, effluents and 
seepage water. Tai l ings discharged into water- courses have pol luted al luvial soi ls  
downri er  from mines dur ing flooding, espec ia l ly when the dams in tailings lagoons 
fail (Allowy, 1 990). 
1.7. H eavy Meta l s  C o n s idered i n  th is Stu d y  
Heavy metal pol luted soi ls constitu te a major environmental problem because 
many of the e lements wi l l  persist in the soi l  or sediment for hundreds or even 
thou ands of years therefore careful management required to assess the 
environmental behavior and ecological risk of heavy metals in the sediments (Forstner 
and Wi ttmann , 1 98 1  and Alloway, 1 990). 
Table 1. 1 . Average heavy metals content in earth 's crust and soil. 
Earth's World mean Metal content Agricultural 
Parameter crust Soil content in Soil Soil 
(Ilg/g) (mg/kg) (mgll) (mg/Kg) 
Cadmium 0 . 1  0.62 0 .06 0 .01 -2.4 
Chromium 1 00 1 00 5-1 500 
Copper 50 26 20 2-250 
Lead 1 4  29 1 0  2-300 
Zinc 75 60 50 1 0-300 
1 0  
I able (1 .1), hov the mean hea metal content of earth' cru t (Krau kopf. 
1967 and Ro c, et a I . ,  1979), world mean oi l content compi led fr m harp, 1989: 
re 19 and Wilkin , 19 ) heavy metal content in oi l  (For tner, 1981), 
concentration f hca\ metal in agricultural oi l  compi led from ( Bowen, 1979 and 
Webb r, 1984). rabl (1.2) gi e the mean concentrati n of hea metals in a range 
f repre 'entati c type of ign ou and edimentary rock (Krau kopf, 1967' Ro e, et 
at . .  1979 and II wa , 1990). 
Table 1 2 Mean heavy metal contents of major rock types (l1g/g) .  
Earth's Igneous rocks Sedimentary rocks 
Parameter crust 
(�g/g) Ultramafic· Mafic· Granitic Limestone Sandstone Shales· 
Cadmium o 1 0 1 2 0 . 1 3  0 09 0.028 0.05 0 .22 «240) 
Chromium 1 00 2980 200 4 1 1  35 90 
Copper 50 42 90 1 3  5 5  30 39 
Lead 1 4  1 4  3 24 5 .7 1 0  23 
linc 75 58 1 00 52 20 30 1 20 
• Ultramafic rocks are also called 'ultra basIc', e 9 dunlte, peridotite and serpentinite, Mafic rocks are also 
called basIc Igneous rocks', e 9 basalt 'Shales' also Include clays 
Table (1.3) give Trace element concentrat ions (/lg/dry g) from variou sources. 
alue were compared with ediment qual i ty standard , QS, ( W DOE, 1995), and 
background concentration of elements (Turekian and Wedepohl ,  1961; Mason, 1966; 
Bowen, 1979 and alomon and Forstner, 1984). 
Table 1 3. Trace element concentrations (I-lg/dry g) from various sources. 
Parameter Average Soilb 
Mean Mean Sedimentmanagement 
Shale· CrustC Sedimentd Standards· 
Cadmium 0 3  0 2  0 . 1 1 0 . 1 7  5 1 
Chromium 90 1 00 1 00 72 260 
Copper 45 55 50 33 390 
Lead 20 1 3  1 4 1 9  450 
llnc 95 70 75 95 4 1 0  
• Tureklan and Wedepohl ,  1 96 1 ,  b Mason, 1 966, C Bowen, 1 979, d Salomons and Forstner, 1 984, 
• WDOE, 1 995 
1 1  
1 .7 .1. Cadmi um (Cd) 
'adm ium can mainl, be D und in the earth' cru t .  edimentary rock ho\' a greater 
rang of 'd c ncentrati n than other r ck type , ith pho phorites and marine black 
'hale ha ing the highe t content ( II wy, 1990). I t  always occur in combination 
with zinc and it con i t in mining indu trie a an in vitable by-product of zinc, lead 
and c pper e, tracti n. admium pol lution f the en ironment ha been rapidly 
incrca ing in recent decade becau e of ri ing con umption of d b indu try. 
nother important ource of cadm ium emi ion i the production of pho phate 
fert i l izer . Part of the admium ends up in the oi l  after the fert i l izer i appl ied on 
farm land and the re t of the cadmium end up in urface water when wa te from 
fert i l izer product ion i di p ed of b production companie (James, 1997; Al loway, 
1990 and For tner, et a l . ,  1981). ource of oi l contamination by Cd are the mining 
and melt ing of d and Zn; atmo pheric pol lution from metallurgical industries; the 
di'p al of waste containing d, such a the incineration of plastic containers and 
batterie ; and the burning of fo s i l  fuel  (Hutton, 1982). Cadmium strongly ad orb to 
organic matter in oi l . When cadmium is pre ent in soi l , i t  can be extremely 
dangerou , a the uptake through food wi l l  I llcrea (U Environmental Protection 
gency. 2005). 
1 .7 .2. C h romium ( C r) 
Chromium i the se enth mo t abundant e lement on earth, but 21 sl in abundance in the 
ClY tal rocks, with an average concentration of 100 mg/kg in igneous rock (Al lowy, et 
a l . .  1990). There are two alence state of chromium that differ in their effects upon 
organi m . Chrom ium enter the air, water and soi l in the chromium ( I I I ) and 
chromium (V I )  through natural and human acti i t ie ( Forstner, et a l . ,  1981, Lenntech, 
2007). The main human acti i t ies that increase the concentrations of chromium (III) 
are teel ,  leather and texti le manufacturing. However, the main human activit ies that 
I llcrease chromium (V I )  concentration are chemical, leather and texti le 
manufacturing, electro painting and other chromium (VI) applications in the industry. 
These applicat ions wi l l  mainly increase concentrations of chromium in water. 
Chromium wi l l  al 0 enter the air and be deposi ted on the soi l as a result of coal 
composit ion and through waste disposal (James, 1997; Al loway, 1990 and US 
En i ronmental Protection Agency, 2005). 
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1.7.3.  Copper (Cu)  
pp r I a '. id I u ed c mmon ub tanc that al 0 OCCLlr natural l  In the 
en ir nment and i tran ported in environment through natural phenomena. For 
in tance, it i appl ied in the indu trie and in agriculture. The production of c pper 
ha' increa ed 0 er the la t decade and due t thi , copper quant i tie in the 
em ironment ha e been e, panded ( 11 '. and Baker, 1 990 and Wi ley, 1 979). Mo t 
copper compounds '.\ i l l  ettle and be bound t either ediment or oi l  partic les. 
oluble c pper compound Corm the large t threat to human health. ua1 1y water-
luble copper comp und occur in the en ironment after release through appl icat ion 
in agriculture (Jame , 1 997; For tner, et a t . ,  1 98 1  and Lenntech, 2007).  When copper 
end' up in i l .  it trongly attache to organic matter and mineral . A a re ult, it does 
not travel v ry far atter relea and it hardly ever enters groundwater. In urface 
water, c pper can travel great di tance , su pended ei ther on sludge partic le or as 
free ion . opper can accumulate in plant and animal when i t  is found in soi ls (US 
. nvironmental Protection gency, 2006) . 
1 .7 .4. Lead ( Pb) 
Lead occur natural l  I n  the environment. Howe er, environmental elevated lead 
concentration that are a re ult  of human acti i t ies .  Due to the appl ication of lead in 
ga ol ine,  an unnatural lead-cyc le has been con isted (Jame , 1 997;  l loway, 1 990 and 
For tner. et a l . .  1 98 1 ) . I n  car engines lead is burned, so that lead salts (chlorines, 
bromine , 0 ide ) wi l l  originate (U Environmental Protection Agency, 2006 and 
Lenntech, 2007). Lead and its compounds tend to accumulate in soi ls and ediments 
where, due to their low olubi l i ty and relati e freedom from m icrobial degradation 
the, wi l l  remain acce ible to the food chain and to human metabolism far into the 
future (Al lowy, 1 990). 
1 .7.5.  Zinc (Zn) 
Zinc i a very common ub tance that occurs natural ly. Many foodstuffs contain 
certain concentrations of zinc. Drinking water al 0 contains amounts of zinc, which 
may be higher when it is tored in metal tanks .  I ndu trial sources or toxic wa te sites 
may cause the z inc amounts in drinking water to reach levels that may cause health 
concern . Zinc occur natural ly in air water and oil, but zinc concentrations are 
ri ing due to addi tion of zinc through human activit ie (James, 1 997; Al loway, 1 990 
and Forstner, et a1 . ,  1 98 1 ) . 
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Mo t zinc i added during industrial activi tie uch as mining, coal and wa te 
combu tion and teel proce sing. orne oils are heavi ly contaminated with zinc, and 
the c are to be found in area where zinc has to be mined or refined, or were sewage 
ludge from indu trial area ha been u ed as fert i l izer. The world's zinc production is 
til l ri ing. Thi ba icall  means that more and more zinc ends up in the 
em i ronment. On zinc-rich soi l  , only a l imi ted number of plants have a chance of 
urvi  a l .  That i why there i not much plant diversity near zinc-disposing factories. 
Due to the effect upon plants, zinc i a seriou threat to the product ions of farm lands. 
De pite of this zinc-containing manure are sti l l  appl ied (US Environmental 
Protection gency, 2006 and Lenntech, 2007). 
1 . 8 .  Oth er A n a l ysed E lements 
common practice u ed to improve the sensit ivity of comparing trace element and 
organic contaminant concentrations in sediments is to normal ize them to some 
sediment constituent which is unaffected by human activities such as contam inant 
input (Luoma, 1 990; Hanson, 1 993;  Daskalakis and O'Connor, 1 995;  Nolting, et a l .  
1 999 and Chatterjee, et a l . ,  2007). Some of the constituents commonly used include 
aluminum, i ron, and Total Organic Carbon (Taylor, 1 964; Daskalakis and O'Connor 
1 995 ;  ol t ing, et a l . ,  1 999; Birth, 2003 and Chiu, et a l . ,  2007). In this study, 
A lum inum and I ron were used as a normal ization of heavy metals in investigated 
sediments samples. 
1 .8 . 1 .  A luminum (AI)  
Alum inum is an abundant element in Earth's crust, which bel ieved to be contained in 
a percentage from 7.5% to 8 . 1 %  (US .EPA, 2003) .  I t  is  low concentration in ionic 
form and is  mainly an insoluble aluminum hydroxide ( Lenntech, 2007). Aluminum i s  
a reactive metal and it is  hard to  extract i t  from i t s  ore, a lum inum oxide (Ah03) .  I t  is  
among the most difficult metals on earth to refine, the reason is  that aluminum is 
oxidized very rapidly and that its oxide is  an extreme ly stable compound that, unl ike 
rust on i ron, does not flake off. The very reason for which a lum inum is used in many 
appl icat ions is why it is so hard to produce. The concentrations of aluminum appear to 
be highest in acidified lakes. In these lakes, the number of fish and amphibians is  
dec l ining due to react ions of aluminum ions with proteins in the g i l l s  of fish and the 
embryo's of frogs. 
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Another negat ive environmental effect of aluminum is that its ions can react with 
pho phates, which cause pho phates to be Ie s avai lable to water organi ms (U 
Environmental Protection Agency, 2003). H igh concentrations of a lum inum may not 
on ly be found in ac idified lake and air but a1 0 in the groundwater of acidified soi ls .  
There are strong indications that aluminum can damage the roots of trees when it is  
located in groundwater ( Lamotte, 2007).  
1 .8 .2 .  I ron (Fe) 
I ron i the mo t abundant (b  mass, 34.6%) element making up the earth (US .EPA, 
2003), the concentration of iron in the various layers of the earth ranges from high at 
the inner core to about 5% in the outer crust. Most of this iron is found in various iron 
o. ide . uch as the mineral of  hematite, magnetite, and taconite. I ron is essential to 
almost I i  ing thing , from microorganisms to hwnans (US Environmental Protection 
genc , 2003 and Lenntech, 2007). Most soi l s  wi l l  contain iron in suffic ient 
quantitie to sat isfy the needs of most p lants. A deficiency of i ron is  sometimes noted 
in alkal ine soi ls ,  and is indicated by chlorotic conditions of the plants (Lamotte 
2007). Accordance with toxici ty data obtained from various studies, the drinking 
water tandards have been proposed by various governmental bodies, a brief summary 
given in Table ( 1 .4) (compl ied by Hattingh, 1977). 
Table 1 .4 .  Dr inking water qual ity standards for trace metal*. 
USPHS Japan 
WHO WHO NAS Australia US E PA 
Parameter European Intern. ( 1 962) ( 1 968) 
(1 970) (1 971  ) 
( 1 972) ( 1 973) ( 1 975) 
Cadmium 1 0  1 0  1 0  1 0  1 0  1 0  
Chromium 50 50 50 50 50 50 
Copper 1 ,000 1 0,000 50 50 1 .000 1 0,000 
Lead 50 1 00 1 00 1 00 50 50 50 
Zinc 5 ,000 1 00 5,000 5 ,000 5 ,000 5,000 
• As proposed by US Public Health Service (USPHS).  Japan and Environmental Protection Agency (EPA). World 
Health Organization (WHO). USA National Academy of Sciences (NAS). Australia. All concentrations In I1g/l . 
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1.9 . Ex pected Resu lts of th is Stu d y  
I he tudy of hea metal In  ediment is important for tw rea on : F i r  t to  et 
background ge chemical data for the wadi ediment quality in the country, and 
ccond t p ible ource of pol lution. The intent of thi tudy i to 
imc tigate the di tribution and geochemical a pect and quanti fy the hea y metal 
concentrati u, r, and Zn) in the ediment of four reprehen ive U E 
dam , and a e ' their p ible ource . I t  i al 0 important to tud the impact of the 
phy ico-chemical parameter (pH,  T a 03, P20s, TOM, and C E  ) on the 
di ,tribution of heav metal . Ba ed on the published and widely accepted equential 
e traction procedure , thi research work wi l l  suggest po ible sequence of mobi l ity 
for the metal ba cd on their percentage of retention with five geochem ical form : 
F l ,  oluble . changeable; F2, orbed-carbonate; F3 oxidizable; F4, reduc ible;  and 
fS.  re idual .  Thi i important to predict the fate and tran port of heavy metals should 
the pH - Eh value change to a mode favorable for metal movement. 
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CHAPTER TWQ 
LITERATURE R EVI\yE 
2 .  L ITERATU RE REVIEW 
umcrou tudie concerning enrichment and accumulation of toxic hea y metal in 
cdiment a wel l  a oi l  media ha e been conducted dur ing the recent years. uch 
,tudic covered a wide rang of intere t in e eral part of the \ orld a v i l l  be given 
in the fol lowing ecti n . 
2.1 .  Adva nces i n  H eavy Meta l  Ana lyses a n d  the Remed iation 
[ n  Ital , e lena, t a i .  (2007), in e t igated the remediation of lead contaminated oi l 
b) u ing bal l  m i l l ing rea tor . In  these tudy, lead immobi l ization was achieved 
\ ithout the u e of reactant but onl through the e ploitat ion of weak transformations 
induced on the treated il by mechanical loads taking place during col l i  ions among 
mi l l ing media, after a relati e hort m i l l ing t ime, leachable fraction of Pb ( I I )  was 
reduced under the P r gulatory l imi t  for drinkable water for a l l  the considered 
i l  
tripping technique ha been recognized that it  i very effect ive in the analy is of 
hea metal ion in environmental and biological ample . Thus, Serrano, et a I . ,  
(2007), in  pain, de  eloped a new mathematical treatment and implemented an 
E XC L pread heet that inc ludes equation relate the governing factors for this 
techniques wi l l  determine the average equi l ibrium functions from the ful l  set of data 
mea ured by cannmg tripping Chrono-Potentiometry ( SCP) in olutions 
c ntaining d ifferent proportions of heavy metal ions and small-size l igands The good 
agreement between the complecation parameters determined in this way, those 
predicted from l iterature data and those obtained using a cadmium ion elective 
electrode ( I  E) confirms the val idity of the proposed methodology and encourages its 
further refining analysi . 
On the other hand, Vas i l  imeonov, et aI . ,  (2007), assessed sediment-qual ity in the 
Tarawa Lake in W Poland, by inte l l igent data analysi s  using chemometric 
interpretation of monitoring data from physicochemical parameters and toxici ty tests . 
The dataset comprised results from lake-sediment samples. The monitoring results 
were considered both separately (chemical and toxic ity data) and simultaneously in 
order to identi fy  pol lut ion sources in the region and to detect correlation between 
chemical and toxici ty tests . The effort of this study was to establ ish simple relation 
between two different types of parameters measured (chemical and ecotoxicity) which 
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did not gi e hint of en u correlation bet\ een them. Thi tud conc lud d that 
ediment a e ment need to be d ne in two eparate analytical track -chem ical and 
ec to icological (\ hich u e biological te t t obtain independent information ab ut 
acute or chron ic t 
In Malaga. outhern pain, the di tribution and {j ation of trace element were 
tudied, and the indicate that alkaline oil beha e a buffer mitigating the impact of 
the acid oluti n, and the di tribution of element 0 er the oil profile can be 
attributed to pH.  The equential e tracti n analy es indicated that Pb u, 0, i, Zn. 
and d are accumulated in the soluble and interchangeable fractions under acid 
condit ion , wherea th are {j ed to the carbonate, i ron and manganese oxide 
rraction in an alkal ine environment ( Mercede , et ai ,  2007) .  
Wherea 111 u tral ia the storage of ediment and distribut ion of hea y metals 
were a c iated down tream of the remediate Rum Jungle Mine on the East Branch of 
the Finni s Ri er in orthern Territory using in trumental neutron activat ion analysis 
( l  ) .  The result reveal that channel and over bank environments are contaminated 
with hea y m tal , \i ith many ample exceeding the low and high Austral ian 
ediment qual ity guidel ine alues. Metal concentration are strongly correlated to 
ediment pH and Fe value , which are igni ficant controll ing the distribution of 
ediment-as ociated metals ( Mark, 2007). 
In  U A Dav id,  et a I . ,  (2006), studied the direct major and trace-element analyses 
of rock varni h by high-re olut ion laser ablat ion inductively coupled plasma mass 
pectrometry (LA- ICPM ) from the Lahontan Range, near Fal lon, V and near the 
an Juan Ri er. The data indicate that this method of analyses provide ample 
analytical resolution for semi-quantitative compositional determinations of both trace 
and major elements in the varnish despite the two local ities are grossly simi lar to rock 
varnish which most ly contribute to soi l  formation. The data presented in David, et a I . ,  
(2006), study suggested that LA-ICPMS m ight not be the ideal analytical technique 
for the characterization of rock varnish trace element chemistry. 
In Berl in, Germany, on-site analysis of heavy metal contaminated area were 
tudied by means of total reflection X-ray fluorescence analysis (TXRF) which is a 
wel l  e tabl ished analytical technique for trace element determination in various 
sample types. He appl ied the low power TXRF spectrometer PicoTAX for the one-
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i te anal i metal contam inated soi l and ediments later on are evaluated. The task 
wa the fast analy i of the main target e lements antimony, ar enic cadmium ,  
chrom ium, copper, i ron, lead mercury nicke l ,  selenium si lver, anadium, and zinc 
( Hagen tosnach, 2006).  
On other hand, in U , Feimeng Zhou, (2005) ,  combined on-l ine Electro­
chemi try with at mic rna spectrometry and related techniques for trace-metal 
analy i and electrode-reaction tudie . He swnmarized recent advances based on EC 
coupled " ith atomic M and related techniques for trace-metal analysis and studies of 
electrode proc ss s .  Particular emphasis is  placed on EC combined with ICP-MS 
( EC- I  P-M ) and electrospray-MS (EC-ES-MS) .  In addition, this study described 
the criteria for selecting the suitable EC flow-cel l  designs and the MS sample­
introduction y tern s  or interfaces .  
For tner U. ,  (2004), in Germany assessed the traceabi l i ty of sediment chemical 
analysis, which provides an effic ient tool for water qual ity management in Germany. 
He reported that basic sequence of measurement comprises three steps which 
inc ludes� sampl ing and sample preparation as wel l  as grain s ize as a characteristic 
ediment feature;  and analyt ical procedures based on standardized extraction schemes 
and reference materials. Further steps are that Forstner, (2004) recommended 
considering while doing metal environmental assessment studies inc lude biological 
effect· coupl ing of sediment-qual ity data with erosion-risk chemical changes and 
model ing of chemical sediment data. 
In cot land, quantitat ive determination of cerussite ( lead carbonate) by X-ray 
powder (XRPD) d iffraction and inferences for lead speciat ion and transport in stream 
sediments from a former lead m ining area was studied. They conc luded that for 
techniques such as quantitative ( X RPD) its appl ication to heavi ly contaminated sites 
in particular should be relatively straightforward, and i t  should even find increased 
appl ication in studies of less severe contamination. Such procedures have often been 
used in a qual itative fashion, but as demonstrated in the present investigation 
quantitative analysis is not exceptional ly d ifficult (H i l ier, et a I . ,  200 1 ) . 
Joanna, (2000) studied the problems related to species selective analysis in water 
insoluble fractions of sol id  samples and trace element speciation analysis of 
biomaterials by high-performance l iquid chromatography with inductively coupled 
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pia ma ma pectrometric detection. The coupl ing of H PLC with ICP-M I S  
currently the primary tool for pecies selecti e analysis of metal locompounds that are 
not olat i le and cannot be deri ati ed to thermally stable spec ies amenable to gas 
chromatography. It ha large area of potential appl ications in the field of trace element 
pcc iation analy is. The l im itat ion of coupl ing are no longer related to instrumentation 
but appear on the Ie el of sample preparation and chromatography of natural samples 
and are related to e l imination of art i fact contam ination control and peak 
ident i ficati n.  
2.2. D istri but ion of H eavy Meta l i n  Arid region 
In  Jordan, Banat et a I . ,  (2005),  studied the di tribution of heavy metals in soi l s  
and also investigated for mineralogy using X-ray, electron and optical microscopes. 
equential extraction procedures were used to predict the soi l geochem ical phases for 
the hea metals ( Pb, Zn, Cd and Cr) .  The result of the analysis indicated that the 
urban soi l s  of Central Jordan has been effected by human activity such as industrial 
cement particular which lead to a high accumulation of heavy metals compared with 
the natural backgrOLmd levels .  The distribution of heavy metals in the soi l s  indicted 
that the cement industry together with the agricultural ferti l izers and vehic le exhausts 
\ ere mainly responsible for metal pol lut ion. 
In Kuwait Bay Northern Arabian Gulf a qual i tative and quanti tat ive assessment 
of suspended sediment levels and transpOli pathways. The col lected sediments were 
subjected for heavy metals concentration analysis, mineralogical composit ion and 
grain size constituents. The distribut ion pattern of the sediments samples indicates 
that possibi l i  ty of tidal current activity, dust fal lout contribution and to a lesser extent, 
the effect of Shatt AI-Arab. The distribution of various types of sediments and the 
variations of their textural,  composit ional and concentrat ions are control led largely by 
the hydrodynamic conditions and nature of sediments. The result  of the study 
demonstrate c learly the potential impact of the Gulf War as manifested by the 
increase of SSC in 1 992 compared to 1 989/ 1 990 (AI-Ghadban et a I . ,  2005) .  
On other hand, sedimentological and geochem ical studies on sediments samples 
col lected from Arabian Gulf during 1 992, to investigate the petroleum hydrocarbon 
and trace metal pol lutants transferred from the Kuwait oi l sl ick to the sea bed and 
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r siding in the e ediments. Total orgamc carbon (TOC) total petroleum 
hydrocarbon (TPH), and selected trace metals in sediment samples were measured. 
one of the previou studie provided detai led infonnation about the nature and 
importance of edimentation rate and bioturbation in the Arabian Gulf. Both 
environmental factors have certain impl icat ions in any data interpretation that 
concerns the fate of pol lutant in any marine environment (AI-Ghadban et aI . ,  1 998) .  
The distribution and phase assoc iation of major trace elements AI ,  Fe,  Mg, Ba, 
Mn. In. Cu, r, V. i and Hg in the Arabian Gulf ediments were investigated by 
Ba aham and EI -Sayed ( 1 998) .  The result observed two major sediment types, which 
are a ten-igeneou tine-grained and Al rich type predominate alone the I ranian s ide 
and a coar e graned and carbonate rich type predominating along the Arabian Gulf 
side. 
2 . 3. F ractionati o n  of Heavy Meta l  
The mobi l ity o f  metals in the environment depends strongly on their chemical bonds 
of the element, therefore, in S lovakia Maria et a I . ,  (2006), modi fied three step 
sequential extraction procedure for the fract ionat ion of heavy metals (Cd, Cr, Cu, Ni ,  
Pb,  and Zn), which proposed by commission of the European CommLmit ies Bureau of 
Reference (BCR),  has been applied in soi l reference materials of different origins_ The 
sum of the e lement contents in the three fract ions plus aqua-regia extractable content 
of the residue was compared to the aqua-regia extractable content of the elements in 
the origin soi ls .  The accuracy obtained by comparing the detennined contents of the 
e lements with cert ified values of BCR C RM 70 1 in sediment, and the result found to 
be sat isfactory. 
I n  Brazi l ,  sequential fractionation procedures for Cu and In in tropical soi l s  were 
developed.  Chemical ly reactive Mn fonns were sat isfactori ly assessed by the new 
modified procedure.  Amorphous and crystal l ine Fe ox ides were more selectively 
extracted in a new two-step extraction. Soil-born In and Cu were primari ly associated 
with recalcitrant soi l fractions. The proposed procedure provided more detai led 
infonnation on metal distribution in tropical soi l s  and better characterization of the 
various components of the soi l  matrix (S i lveira, et a i . ,  2006). On other hand in 
Turkey, �enol, et a I . ,  (2006), modified the European Community B ureau of Reference 
(BCR) sequential extract ion procedure to detennine the concentrations of metals (Cd, 
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Co, Cr, Cu, Fe, Mn, i ,  Pb, and Zn) in street sediment amples. Correlation analysis 
and Princ ipal component analysi were appl ied to the data matrix to evaluate the 
analytical re ult and to ident ify the possible pol lution sources of metals .  PCA 
revealed that the treet sediment samples were mainly influenced from three pol lution 
source , which are traffic, industrial and natural source , and the result show that 
chemical equential extraction i a prec ious tool . 
In Germany. Margareta, et a t . ,  (2006), investigated the influence of carbonate and 
other buffering ub lances in soi l  on the results of a three step sequential extraction 
procedure ( BC R) u ed for metal fractionat ion. By applying the original BCR­
sequ nce to the calcareou soi l  carbonate was found in the residues of the first two 
teps and e tract pH alue rose by around two units in the first and second step, 
cau ed mainly by carbonate dissolut ion, which lead to wrong assignment of the 
carbonate elements Ca, Mg, Sr, Ba, and also to decrease desorption and increase re­
ad orption of ion in those steps. The effects on ion release in the fine fraction > 2�lm 
were s imi lar to those of the whole soi l .  S ince the destruction of the organic matter was 
incomplete after regular oxidation, the H202 treatment of the fine fract ion had to be 
repeated. In  addition, the extractable amounts of the two fractions show good 
agreement to the results obtained for extraction of the whole soi ls .  L ikewise the pH 
values of the carbonate free soi l extracts did not increase significant ly, therefore it 
was conc luded that repeti t ions of extract ion steps for this soi l were not necessary. 
Pyrite and other react ive i ron-sul fide minerals are important to sedimentary trace 
e lement behavior, which provide sinks for potential ly tox ic trace elements that are 
introduced to estuarine systems from anthropogenic and natural sources. Toward this 
in Austral ia, Edward, et a I . ,  (2006), described i ron and sulfur fract ionat ion, and the 
related extractabi l i ty of selected trace elements (As, Cd, Cr, Cu, Ni  Pb and Zn) in 
estuarine sediments. The extractabil i ty trends for Cr suggested that digenesis in 
sulfidic sediments may enhance Cr reactivity. Moreover, replacement of Acid Volat i le 
sulfide (A VS) by pyrite during d igenesis may enhance the reactivity of Cd, Cr, Pb and 
Zn, whereas As, Cu, and possibly N i  may rendered less reactive. 
In France, the effect of sulfate by using modified BCR sequential heavy metals 
extract ion from pol luted soi l s  was assessed. The results indicated that the goethite­
surface adsorption si tes for sul fate are l im ited. In addition, the study shows that the 
significant changes in Cd and Pb fract ionation were observed in the presence of 
23 
'ul fate, v. herea 'u remained trongly ad orbed on the ol id pha e . The mam 
conc lu Ion for thi tud) wa a decrea e in metal onto the tudied olid wa enhanced 
b) the pre ence f ul fate ( onia, et a l . ,  2005) .  
In anada, Loring, et  a I . ,  ( 1 992). as ent  accurate and preci e ampl ing and 
analyt ical procedure in en ironmental geochemical tudies. Thi tudy provided a 
detai led de cription of the technique and analytical procedure for ampling, grain 
i/c determination, and for prec i e and accurate A determination of the major and 
trace metal in marine ediment and uspended part iculate matter. In addition, the 
stud) uc cribed the pr ccdure for the chern ical part it ion of the metals, determination 
or rcadi l) 0 id izable organic matter, calcium carbonate and normal ization of trace 
mctal data. Where a Te ier et a l .  ( 1 986), a es ed the factors effect the partit ioning 
of trace metal in ediment , a obtained with a sequent ial extract ion procedure are 
the technique u ed to pre erve the ediment before analysis and the 
pre ence, ab ence of atmo pheric 0 ygen during the extract ion teps . This  study 
reported that no torage method te ted completely pre erved the init ial  chemical and 
ph) ical characteri tic of the ediments. Drying of the ediment should be avoided; 
acceptable preservat ion techniques inc lude freezing or short-term wet storage . Among 
the ditTerent metal copper, i ron and zinc were particularly sensi t ive to sample 
pretreatment. For anoxic ediment , the maintenance of oxygen-free condit ions during 
the extractions i s  of  crit ical importance.  On other hand, Kirk (2003), assessed of 
equentia l  extraction cherne , which were modi fied from a procedure developed by 
Te ier, et a i . ,  ( 1 979).  The e procedures were original ly developed for the 
examination of aquatic ediments but gained wide acceptance as tools for the 
peciation of metals in o i l . ampl ing techniques and actual extract ion routine can 
be tandardized to some degree. Results from sequential  extract ion procedures may 
vary \ idely i n  complex matrices such as soi l  and ediments. Lack of specifici ty on 
the fract ions attacked by a particular extractant can mobi l ize elements that are 
a sociated with sol id phases other than the phase targeted by the extraction. 
Abaychi  and Doubul ( 1 986) i nvestigated the trace element geochemical 
a sociations in the Arabian Gulf. They determined the geochemical fraction of Cd, Cr, 
Cu, Fe, Mn, i ,  V,  and Zn in  surficial sediments from the northwestern part of 
Arabian Gulf. 
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The result of  the tud indicate that in the non-l i thogenous fract ion, the eas i ly 
or freel leachable and exchangeable fraction i not geochemically signi ficant whi le 
the carbonate and Fe-Mn oxides and hydroxides fract ions appear to be the most 
dom inant pha e . 
2.4. Tox i c ity of H eavy Meta ls 
To ic sub tance of environmental concentrations are not neces ari ly constant but it  
could be nuctuate over time. In Germany Wiebke, et aI . ,  (2007) studied the impact of 
exposure duration on the observed toxici t ies and to determine the potential for 
recovery. The bio-concentrations of the tested metals (Zn, Cu, Ni ,  Cd) were recorded 
during the exposure to analyse, whether changes in the internal concentrat ions are a 
go erning factor for dynamic of tox ic i ty. After the exposure of 7 days, the results 
indicated the necessity to more thoroughly con ider the dynamics of toxici ty, instead 
of recordi ng toxic effects only after a constant exposure over a fixed t ime. 
In Morocco, the heavy metal toxic ity and soi ls col lected from five mines located 
by using the MetP AD ™ biotest K it, which detect the tox ic ity spec i fical ly due to the 
heavy metals in environmental samples were investigated. The general trend observed 
\: a an increase in metal toxic i ty measured by the biotest with increase sensit ive 
predictive tool to as ess the heavy metal avai labi l ity in soi l s  highly contam inated by 
mini ng act i  i ties (Al i ,  et a I . ,  2006) .  
In  Denmark, Anne, e t  a I . ,  (2006), studied the tox ic ity of water and sediment in  a 
mal l  urban ri er. The study underl ines that a toxic ity assessment i s  needed for risk 
assessment of sedi ments related to wet weather discharges. The tox ic ity assessment 
should be based on both chemical and biological methods as sed iment toxic ity was 
found to be high and could not be predicted directly from chemical analyses covering 
metals and PAH-eompounds. On other hand, in Spain, S i lvia, et a I . ,  (2006), studied 
the evaluation of heavy metal acute toxic ity and bioaccumulation in soi l  c i l iated 
protozoa by using the fluorescence method that m ight by a very useful tool for 
monitoring metals i n  heavy metals pol lution in  soi ls .  The result of  the analyses 
i ndicated that soi l  c i l iates are quite res istant to heavy metals pol lution with regard to 
c i l iates from other habitats whereas an antagonism between Cd and Zn has also been 
detected in colpodid c i l iates, after using m ixtures of these metals .  However, metals 
can exert a selective pressure on the organisms, result ing in  m icrobial populations 
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with higher tolerance to metal , which also adver ely influence microorganism , 
affecting their growth, morphology and activitie . For the e reason in Portugal ofia 
et at . ,  (2006), tudied the heavy metal toxic ity in Rhizobium leguminosarum biovar 
iciae i olated from oil ubjected to di fferent sow-ces of heavy-metal contamination 
and there e ffect on protein expression. They uggested that there is a relationship 
bctwcen Rhizobium ' s  tolerance heavy metals soi l  contamination and alterations in 
protein pool .  s a result of  the analyses of protein, al teration seem to e timate the 
level of tres impo d on Rhizobium populations submitted to hea y metal 
contam inat ion, 
In orthem Province of Serbia and Montenegro Dalmacija, et a I . ,  (2006) assessed 
the pol lution of the Begej Canal ediment heavy metals, radioactivity and toxicity. 
The quality of sediment was assessed according to Dutch standards but the results 
were al 0 compared with Canadian and US-EPA guidel ines for sediment qual ity. The 
re ult indicated severe pol lution with Cr, Cu, Cd and Zn whereby the anthropogenic 
origin of these contaminants. I t  can be speculated that, despite of high metal contents, 
the observed toxici ty was low because of the high contents of c lay and i ron, as wel l  as 
ulphide. 
Everett, et a I . ,  ( 1 984), assessed the factors l imit the quantitat ive description of 
to ic e lement mobil i ty in natw-al water and soi l-water system.  First, scientists lack 
quantitat ive data to adequately describe the equi l ibrium and kinetic aspects of both 
adsorption and absorption onto earth materials .  Second, thermodynamic data is 
insufficient to describe complexation of the metals by natw-al dissolved orgamc 
compounds; formation of selected aqueous species and solubi l ity of certain sol ids and 
trace metal content of sol ids that are composed primari ly of maj or e lements for 
example solid solution behavior. Final ly, the kinetics of dissolut ions and prec ipitation 
reactions used in mass transfer calculations are inadequately known. 
2.5. Pol l ut ion of Heavy Meta l s  i n  the s o i l  of Tro p i c a l  Regio n  
I n  China W e i  Luo., e t  a I . ,  (2007) col lected sw-face soi l  samples from 52 s ites around 
Guanting Reservoir in Beij ing, China, and contents of ' total '  metals (Cu, Zn, Pb, Cd, 
As, Ni and Cr) were determined, The results indicate that the degree of heavy metal 
pol lution in the soil decl ined in the order of Cd > Cr > Zn > As > Cu > Ni  > Pb. Based 
on the results of a combination of multivariate spastics and geostatical analysis, 
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method have been de eloped and appl ied to soi l  sy terns.  It was conc luded that land 
appl ication of pho phate fert i l izer \i astewater and sludge were the primary sources of 
d and Zn in oi l , wherea A ,  Cu,  r and i in some soi ls  were due to natural rock 
weathering. The ources of Pb in soi ls only partial ly originated from land appl ication 
of pho phate fert i l izer, but mainly from vehic le exhau t. Also in China, YuanPeng, et 
a ! . ,  (2007), tudied the influence of soil  heavy metals pol lut ion on soi l  m icrobial 
bioma enzyme activity, and communi ty composition near a copper smelter. The set 
f methods appl ied in this study were ensitive to si te di fferences and contributed to a 
better under tanding of heavy metals effects on the structure size, and activity of 
microbial communities in soi l .  The results show s imi lar correlations between total and 
extractable contents of the heavy metals and soi l  m icrobial activity and community 
composition. 
I Iabes et a l . ,  2006 assessed the extent of environmental po l lution and discussed 
the origin of these contaminants in sediments of the Wadi AI -Arab Dam in Jordan. 
The tudy focused on the level of Mn, Fe, Cu, Zn, Cd, total organic matter (TOM) and 
carbonate content. The result indicate that the heavy metals in sediments have 
ditTerent anthropogenic and naturaL sources. The results also confum the compl icated 
behavior of these pol lutants, which can be infl uenced by many factors. Sediments 
pol lution assessment was carried out using enrichment factor (EF)  and the 
geoaccum ulation index. 
A different studies and laboratory investigations were demonstrated that many 
pol lutant chemicals become readi ly assoc iated with sediments which known as a 
harbor community of microorganisms with diverse metabolic capabi l i ties and 
consequently some of these chemicals wi l l  be biodegraded . Thus Pritchard, ( 1 984), 
summarized the relevant research which has been undertaken to detect, quantitate and 
characterize b iodegradation processes in sediments and to relate this information, 
where appropriate, to hazard assessment problems .  
Heavy metals in soi l s  received increasing attention in recent years, part ly because 
of the growing scientific and public awareness of environmental issues, and partly 
because of the development of analytical techniques to measure their concentrations 
accurately. 
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Thu , l loway ( 1 990), brought together the information avai lable about the 
beha\.- ior of orne hea y element in soi l ;  their  sources and uptake b plant and entry 
onto the food chain. Moreover, data and information from wide variety of ources 
were u ed in order to present the global situat ion. 
On other hand, Forstner ( 1 98 1 ), discu ed the direct and indirect influences of 
pol lution on eco ystem and humans' l i fe and defined group of pol lutants to two 
group . F i r  t, al J trace metals are not usual ly e l im inated from the aquat ic ecosystem 
by natural proce ses, in contrast to most organic pol lutants and secondly most metal 
pol lutants are enriched in mineral and organic substances. Toxic metals such as Hg, 
d, A ,  u and many other species tend to accumulate in bottom sediments from 
which they rna be released b various proce ses of remobi l ization, and can move up 
to biologic chain, thereby reaching human beings where they produce chronic and 
acute ai lments. 
2.6. H eavy Meta ls in Ara b i a n  G u lf with Focus on UAE 
I n  Arabian Gulf and Gulf of Oman Stepen, et a I . ,  (2004), assessed the manne 
contamination due to heavy metals based on marine biota and coastal sedi ment 
col lected from Bahrin, Oman, Qatar and the United Arab Emirates .  The results 
i ndicated that the sedi ment metal loading were general ly not remarkable, although hot 
spots were noted in Bahrain (Cu, Hg, Pb, Zn) and on the east coast of the UAE (As, 
Co, Cr  i) .  Concentrat ion of As and Hg were typical ly low in  sedi ments and 
sediment in the Gulf of Oman off the east coast of UAE contained extremely high 
levels of some heavy metals, especia l ly N i .  
In  Saudi Arabian, the effect of the heavy metals (Cd, Cu, Pb, M n ,  Ni  and Co) on 
the growth of the soi l  yeasts at di fferent concentration of these heavy metals was 
i nvest igated. The results provide evidence of the accumulation of metals analysed in 
the cel l of  yeasts and they are able to survive and grow in  a medium containing up to 
400 )lg/ml of metal ions tested (Abdul lah, 1 997) .  
In UAE, Howari (2005), studied the distribution of heavy metals concentrations 
in surface sedi ments in Dubai creeks and compared it with local historical record of 
heavy metal concentrations. The results i ndicated that the average recorded heavy 
metal concentration in the col leted sedi ments samples for this study were s l ightly 
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higher than metal concentrat ion recorded in 200 1 however both results of samples 
were lower than tho e of the a erage earth crust. 
l o in U E, Howari,  (2004), a essed the heavy metal speciat ion and mobil i ty of 
arid soi ls in the vicini ty of AI- in landfil l .  The results of the study show that the 
heav y metal contents in the ediments amples were found to be signi ficant ly 
effected by different physico-chemical parameters. The geoaccumulation ( I -geo)  
value indicate that the investigated sediments are uncontaminated with respect to  Cd, 
Cr, i ,  Pb, and Zn and contaminated to moderately contaminate with Cu. The heavy 
metal data are ign i ficantly affected by the distribution of carbonate and grain size. 
The ediment amples were col lected from Dubai offshore in the Arabian Gul f 
tarting b l-Mamzar mouth and ending by Ras Ghantoot in order to assess the 
organic and i norganic pol lutants affecting the coastal region in Dubai .  The textural 
c ia s was determ ined through grain-size analysis  and the mineral composi tion was 
identi fied by X-ray d iffract ion. The organic pol lutants were characterized through the 
determination of total organic carbon (TOC), total kjeldahl nitrogen (TKN) , total 
petroleum hydrocarbons (TPH ), polycyc l ic aromatic hydrocarbons (P AHs), 
polychlorinated biphenyls  (PCBs),  individual polychlorinated b iphenyls and inorganic 
pol lutants of some major oxides and trace elements concentrations. The presented 
study indicates that most of the investigated area is covered by unpo l luted sediments 
except for the northeastern part of the invest igated area, which reflects a heavy 
pol luted case (AI-Darwish 2004) .  
AI-rashidi,  2004 assessed the geological environment of some selected areas 
a long the coast zone of the Arabian Gulf ( northern coast) and the Gul f of Oman 
(eastern coast) .  Sediment samples were col lected and subjected to grain-size analysis 
X-ray d iffraction analys is, m icrofacies and petrographic study and chemical analysis. 
The grain s ize analysis  shows that the Arabian Gulf coast i s  covered by coarse sand 
whereas the Gulf of Oman coast is covered by medium sand. Sediments samples were 
also analyzed to determi ne the concentrations of AI ,  Fe, Mg, Ca, Na, K, P, Mn, As, 
Ba, Cd, Co, Cr, Cu, Mo, Ni, Pb, Sr, V and Zn. Geochemical data revealed high 
variations in the distribution of elements between the Gulf of Oman coast and the 
Arabian Gulf coast. The concentration of trace metal s in the Gulf of Oman coast are 
control led mainly by the m ineralogy of the land-derived fragments on the other hand, 
the lower concentrations of trace metals in the Arabian Gulf coast indicate that metals 
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pollution in the tudied area i s  unpol luted. On other hand AI-Al i ,  (2003), asse sed the 
natural radioacti ity of E coa tal area by u i ng gamma ray spectrometry H PGe 
detector for ranium, Thorium and Potas ium measurements. The result of the study 
indicated that the activates of natural ly occurring radionucl ide vary considerably from 
region to region and l ightl in ide the same region and the average of results were 
lower than the a erage world dose rate. 
Th heav metal concentrations and pol lution in the offshore sediments, off 
Abu Dhabi ,  Dubai and harjah were quanti fled and a sessed. The col lected samples 
were ubjected to grain size analysi organic carbon and total carbonate 
determination mineralogical analysis and heavy metals.  The calculated index of 
geoaccumulation ( Igeo) indicates that Igeo values for different s i tes are low as they 
fal l  into the lowe t grades of Igeo. The recorded low values of Igeo for various metals 
indicate that sediments of the o ffshore areas as wel l  as those of the creak have a 
m inimum metal pol lut ion accumulation except for those o f N i  (AI-Qubaisi  200 1 ) . 
The heavy metal pol lution in  bottom sediments of Dubai ,  UAE were investigated 
by E l-Sammak (200 1 ). He quant i fied the metal pol lut ion using stat istical methods and 
s imple quanti fication methods, and observed that most of the stat ions i n  invest igated 
area reflect natural background composit ion of different metals .  On the other hand 
few samples reflect the man-made impact on the metals contents in the studied area. 
Al-sherian i ,  ( 1 998), focused in her study on the mineralogical, geochemical and 
textural characteristics of soi l s  from mountainous area and Al Ain district, in UAE. 
The results indicated that soi ls in  the mountainous area are of col 1uviums nature 
where in Al Ain area the soi l is general ly composed of fine sand, poorly sorted, 
strongly coarse skewed and very leptokurtic .  The soi ls in this study are markedly poor 
in organic matter and contain accumulation of calcium carbonate, which mean that the 
soi l  is with an alkal i ne nature . 
A I-Asam, 1 997 i nvestigated the subsurface condit ion of Wadi AI-Bih l imestone 
aqui fer, evaluated the aqu ifer' S hydrochemical characters, and assessed the impact of 
the dam on groundwater recharge. The results of the study indicate that the geologic 
structures and karstification have the main control on groundwater recharge to Wadi 




3. M ETHODO LOGY 
3.1. Sa m p l e  C o l lection 
inety-three ediment amples ( ppendix 1 . 1 ), were col lected from different 
repre entati e tations between June  and October 2006 ( Figure 3 . 1 ), from four darns.  
Forty-one sediment samples were col lected from Al- huweib darn as shown in 
Figure (3 .2 ), twenty-three ample from I-Bih darn as shown in Figure (3 . 3 ), eleven 
amples from I-Twaiyeen dam a shown in Figure (3 .4),  and eighteen samples from 
Ham dam a hown in Figure (3 . 5 ). ediment amples were col lected by scooping up 
the edimcnts from the top few centimeters with a plastic scoop, and stored in labeled 
c lean airt ight pia tic bags and the reference of each samples recorded in each p lastic 
bag. 
ediment samples were directly transfenoed to the laboratory after few hours from 
the col lection time and fol low the procedure of analysis ( Figure 3 .6),where they were 
dried at 60°C disaggregated, homogenized and the coarse materials « 2mm); such as 
pebbles, coarse organic matter and she l l s  were discarded at this stage. Representative 
ub ampl ing was carried out from the dried ones by coning and quartering unit 
reaching an adequate volume. However extreme care was taken to avoid any 
unexpected metal l ic  contamination so that all the g lassware and polypropylene 
centrifuge tubes and bottles used were c leaned with detergents and previously soaked 
in HN03 ( 1 :  1 )  and rinsed with dist i l led water. 
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Figure 3 . 5 .  Location of the samples collected from Ham dam. 
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Figure 3.6. Schematic flow chart of procedures and analytica l methods. 
3.2. Sed ime ntologic a l  A n a l yses 
The applied sedimentological analyses inc lude both procedures for determin ing the 
grain size and mineralogical composition. 
3 .2 . 1 .  G ra in  size analys is 
A grain s ize analysis was carried out by using a stainless steel standard s ieve, and a 
sedimentation analysis for the separation of the <63 mm measurement of grain s ize 
within accuracy of the Wentworth grade scale down to si l t  grade. The weight of 
sediment retained on each sieve is  measured and converted into a percentage of the 
total sediment sample. 
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3.2 .2. M ineralogical analyses 
The mineralogical as emblages, non-clay minerals for the di fferent particle S ize 
fraction were studied by u ing microscopic and X-Ray D iffraction. 
I). Micro copic tudy: elected ediment sample were examined for non-c lay 
m ineral b using the polarized transmitted microscope; by mounting the sand size 
gams on anada balsam gla s sl ides, before the examination. Transmission E lectron 
M icro cope ikon 3000) was u ed in order to show the texture of the c lay minerals 
in the sampl s .  
II). X-Ray Diffractioll : ine selected samples from the major Dams were analyzed 
by X-Ra Diffraction for c lay and non-clay analysis .  The preparation of non-c lay 
samples were done as fol lowing :  
1 .  Dry representat ive ample a t  50°C for 1 hour prior t o  the preparat ion of 
randomly oriented powder mounts.  
2. Grind the dried sample thoroughly in a mortar and pest le and brush i t  through 
the sieve. The partic les should be much finer than 0.062 mm to avoid 
fract ionation of the minerals .  The finer the powder, the greater the opportlmity 
for obtaining an adequate number of partic les with random orientation. S ieve 
the sample to ensure that grinding is complete. 
3 .  Tape the open part of the sample holder. 
4 .  Pour the excess powder onto the sample holder and d istribute the powder 
evenly 
5 .  Use a glass s l ide t o  pack sample into the cavi ty 
6. The mounts are typical ly X-rayed between the angles of 2 and 60 degrees two 
theta using copper Ka radiation at a scanning rate to 1 degree 29 per minute 
Instrument parameters: A Phi l ips X-ray d iffractometer model PW 1 1 840, with N i  
fi l ter, Cu-Ku radiation (A= 1 .542AO) a t  4 0  k V ,  30 rnA and scanning speed 0.02°/S 
wi l l  be used. The diffraction peaks between 29=2° and 29 = 60° wi l l  be used in case 
of bulk samples. The corresponding spaci ng (dA 0) and the relative intensi t ies ( I1I0) 
calculated and compared with the standard data. 
38 
The preparation of c ia analy i wa as fol lowing steps : 
1 .  Drying (Soi l  amples are dried before they are ground and separated into 
ariou particle sizes. 
2 .  Pre-treatment : The soi l  sample may require certain pre-treatments before they 
can be analyzed to remo e undesirable coatings and cements, to improve the 
d iflraction characteri t ics of the sample. These can be summarized into the 
fol lowing: 
a) Remo al of soluble alts and carbonaceous materia ls :  Dissolve the 
carbonates before the clay minerals can be ident i fied. Use di lute acetic 
ac id fol lowed by hydrochloric acid to remove the carbonates because it 
less l ikely to affect c lay crysta l l inity. 
b) Removal of organic matter by hydrogen peroxide: The presence of 
organic , which cau es abroad hum p  on X-ray powder d iffraction 
patterns, can obscure the d iffraction maxima of mineral species. Treat 
the sample with di lute hydrogen peroxide (3%) to remove an organic 
matter. 
3 .  Separation of s i l t  and c lay by decantation: Decantation is  the gravity settl ing of 
part icle in a suspension. For th is  technique, the coarse fraction (sand and 
gravel)  has been removed and that the fine fraction (si l t  and c lay) has been 
retained as a suspension. Disperse a m uddy suspension and al low it to sett le, 
withdraw the c lay suspension from above 5 cm in depth at certain times and 
temperatures according to withdrawal t ime and depth tables ( Folk ,  1 974).  
4 .  Orientation o f  aggregate mounts:  The separated c lay fraction is  mounted as an 
oriented aggregate mount for c lay-m ineral identification. The oriented aggregate 
mounts force the c lay mineral partic les, usual ly plate-shaped phyl losi l icates, to 
l ie  flat al lowing the operator to direct the inc ident X-ray beam down the z axis 
of the m inerals and to record the d iagnostic basal diffractions. It i s  the z axis that 
shows the extent of d-spacing expansion and/or contraction indicative of certain 
c lay minerals during subsequent treatments. These treatments inc lude air drying, 
glycolation with ethylene glycol ,  heating to 5 50°C .  Cut glass s l ides to fit the 
sample holder of the diffractometer prior to analysis. 
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5 .  thylene glycol treatment : Organic l iquid , primarily ethylene g lycol  and 
glycerol ,  are e tensively u ed a an auxi l iary treatment to expand wel l ing c lays .  
Whether or  not a mineral expand and the amount of expansion can provide 
e ential upplementary information aiding c lay-mineral identi fication. Swe l l ing 
c la inc lude mect ites (e .g .  montmori l lonite, nontronite, and beide l l ite), some 
mi ed- layer c lays, and vermicul ite. Two methods are used: a vapor ethylene 
glycol treatment (place oriented aggregate mounts on the she lf  of desiccators 
containing of ethylene glyco l )  and a rapid method (applying a drop of ethylene 
glycol directly to the surface of the oriented aggregate mount with glass rod. The 
ad antage of the vapor treatment is less disturbance of the sample and less 
amorphous scattering of X-rays by excess l iquid than in the case of the rapid 
method. 
6. Heat treatments : Heat g lass s l ides to temperature of 550°C prior to ident i fication 
of c lay minerals .  
3.3 . Geoc hem ica l A n a l yses 
3.3 . 1. Determination of pH 
In any aqueous solution, the pH is  a measure of the hydrogen ion or proton activity. 
However in many if not most cases, pH is  treated as the concentration of protons in 
solution rather than their act ivi ty .  The soil sol ution is  not different except that the 
measurement is more complex. The complexity arises from two sources. First, an 
electrical potential deve lops at a l l  interfaces. In soi l there are interfaces between 
sol ids and sol ut ion and suspension, suspension and the e lectrode surface, and 
reference electrode and a l l  these interfaces. Second the concept of activity is 
extremely important in soi l .  Protons or hydronium ions attached to exchange s ites or 
other components in the system wi l l  not be measured as part of the solution 
composit ion. For these reasons, a standard method of measuring soi l pH is  chosen and 
a l l  phenomena related to pH or involving pH is related to this "standardized" pH 
measurement. The most common method is  to  use a 1 :  1 ratio of so i l  to  water, 
typica l ly  1 0  m l  of dist i l led water and 1 0 9 of soi l .  I n  this method, the soi l  and water 
are mixed and al lowed to stand for 1 0  m in, and the pH determined using a pH meter 
(Alfred, 2005) .  
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3.3.2 .  Total dissolved so lids content (TDS %) 
The percentage of TD content of ediments samples wa calculated by weigh 20 g 
of 2-mm oil into a uitable shak ing bottle and add 1 00 cm
J 
of dist i l led water. Stopper 
the bottle and shake for 30 minute then al low standing for 1 5  minute to let the bulk 
of cdiment ettle. entri fuge and fi l ter the upernatant l iquid; centri fuging first wi l l  
remo e much of the u pended matte (Hesse, 1 972). I f  the soi l  contains re latively 
l itt le alt .  it may be highly dispersed and d i fficult  to c lari fy;  such a membrane fi lter 
wi l l  he lp ( I Ie se, 1 972) .  The det rrn ination of the TD by the electrical conductivity 
methods wa determ ined and double checked with the drying method given by 
TM ( 1 989). by di lving 5 gm of soi l  in 50 m l  water and fi ltrate it then dry it in 
the 0 en 0 er night at 1 80°C the di fferences in the weight is  the TDS value in ppm. 
3 .3 .3. Total carbonate content (C03 %) 
The princ iple of total carbon analysis is to convert the element completely into carbon 
dioxide 'V hich is then detennined gravimetrical ly or volumetrical ly .  Oxidation is 
achieved by combustion, either wet or dry, and a l l  forms of carbon can be included. 
A inc lusion of the inorganical ly  bond carbon is se ldom, if ever, desired, i t  is usual to 
determine carbonate and hydrogen carbonate separately  or to destroy them with acids 
before combustion of the sediment samples as suggested by Hesse ( 1 972).  Weight 5 
gm of ediments « 63mm) and add a concentrated HCI  unt i l  the reaction wi l l  stop 
completely, let it dry and weight it  again and calculate the differences. 
3.3.4. Total organic matter content (TOM %) 
The princ iple of determining total organic matter by weight loss in simple; the organic 
matter in a weighed quantity of sedi ment is  destroyed in high temperature 550°C, the 
sample re-weighted and the loss in weight represents the organic matter (Hesse, 1 972). 
B fol lowing the procedure of the method suggested by Hesse, weight 1 0  gm of 
sediments samp le in non-weight of crucible and add i t  in high temperature oven 
550°C for over night, and cool it, then re-weight the dried sample again and calculate 
the differences in the weight. 
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3.3.5 .  Total phosphate (P20S%) 
The percentage of the phosphoru content was detelmined by dige t 1 g of sediments 
.. ith perchloric acid, during the e aporation of the digest there is  no need to dri e off 
completely the perchloric ac id; take up the fi ltrated digest in d i lute hydrochloric ac id 
and di lute it  to 1 m l ,  and analyze the al iquots of digest for phosphorus by ICP-OE 
in trument (He se, 1 972) .  
3.3.6 .  Bulk metals chemical analysis 
[he dige t ion procedure (Hesse, 1 972),  weight 0.2 g of the sediment sample in 1 00 m l  
polyethylene bottle. Then add 4 ml  o f  (25%) H C l ,  4 m l  o f  (25%) HN03 and 2 m l  of 
concentrated HF and place the bott le in the water bath (70°C) for 2 hours. After that 
add 50 ml of Boric acid (39 g of Boric acid in l L  dist i l lated water)' and 40 ml of 
di t i l led water. Re-place the bottles in water bath to let the solution to be c lear. 
Analyze the o lution in ICP-OES (Thelmo Elemental I R I S  Intrepid), and determ ine 
the valu of ( L Fe, Cu, Zn, Pb, Cd and Cr).  
3.3.7.  Cation exchange capac ity (CEC) 
Cation e change capac ity of the sediments samples were determined using method 
suggested by Hesse ( 1 972) '  weigh 5g o f  2-mm soi l  into a 50cm
J 
centri fuge tube, add 
30 cm
3 
of sodium acetate sol ution ( l .OM : 1 36gdm-
3 
sodium acetate trithydrate and 
adj usted to pH 8 .2) ,  and shake it for 5 m inutes. The tubes should be stoppered with 
pol ythene or c lean rubber stoppers and not corks, which introduce errors, centrifuge 
the tubes 200 revls for about 5 m inutes unt i l  the supernatant l iquid is c lear. Decant 
and discard the l iquid and repeat the shaking and centri fuging four t imes more with 
fresh potions of acetate sol utions. Shake the soi l with 30 cm
3 
of 95% ethanol for 5 
m inutes, centrifuge and discard the l iquid. Repeat the ethanol washing three t imes. 
Finally extract the soi l  three t imes with 30 cm
3 
potions of ammonium acetate 
solutions ( 1 .0 M :  add 57cm
J 
glacial acetic ac id and 68 cm
3 
strong ammonium 
hydroxide to 800 cm
3 
of water. D i lute to one dm
3 
and adj ust to pH 7.0); and col lect 




cca ional ly it i s  neces ary to fi lter the extracts after centrifuging. Di lute the 
combined extracts to 1 00 cm
J 
and determine the sodium content, preferably by using 
tomic b orpti n pectroscop (AA )-Thermo and used the fol lowing equation 
(3 . 1 ), to calculate the value of CEC/ l OO g. 
l O x 
E . M.e.! 1 00 g oi l  = a concenlration in m.e.dm-
3 
·weight of amp! 
. . . . . . . . . . . . . . .  Eq. ( 3 . 1 )  
3.3.8 .  Sequential heavy metals analys is (C hemical speciation) 
Many equent ial extraction schemes are modi fications stemming procedure developed 
by (Te iee et a lL 1 979). This procedure was original ly developed for the 
exam ination of aquatic sedi ments but gained wide acceptance as tools  for the 
pec iation of metal in soi ls (K i rk et a l .  2003 ). 
quential Extract ions procedure described by Tessier, et ai, ( 1 979), was employed 
ith s l ight modi fications and appl ied on five samples from each dam. 
Fraction (1) -Exchangeable: The samples were extracted at room temperature for 1 h 
with 8 m l  of magnesium chloride solution ( 1  M MgCh,  pH 7 .0)  with continuous 
agitat ion. 
Fraction (2) -Bound to Carbonates: The residue from Fraction ( 1 )  was leached at 
room temperature with 8 ml of 1 M NaOAc adj usted to pH 5.0 with acetic ac id 
( HOAc) .  Continuous agitation was maintained and the time necessary for complete 
extraction was evaluated based on Pb carbonate prior to experimental trials and was 
determined to be 3 hours. 
Fraction (3) -Bound to Iron, Manganese Oxides: The residue from Fract ion (2)  was 
e tracted with 20 m l  of 0.04 M N H20H . HCI in 25% (v/v) HOAc. This fraction 
experiment was performed at 96±3°C with occasional agitation for 6 hours . 
Fraction (4) -Bound to Organic Matter: The res idue from Fraction (3) ,  20 m l  of 7 M 
aOCI (adj usted to pH 8 .5  with HCI )  was added, and the m ixture was heated to 
90±2°C for 2 hours with occasional agitation. After centrifuge separation, a second 20 
ml al iquot of NaOCI (adj usted to pH 8 . 5 )  with HCI )  was then added and the samples 
was heated to 90±2°C for 2 hours with i ntermittent agitation. 
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Fraction (5)-Re idual: The re idue from Fraction (4) wa digested with concentrated 
HN 3 in a microwa e dige ter according to EPA method 305 1 ;  0 .5 g of the re idue i 
dige ted in 1 0  ml  of concentrated HN03 for 1 0  min using microwave heating with a 
uitable laboratory microwave unit. The sample and ac id are placed in  a fluorocarbon 
(PF or TFM) microwa e ves e l .  The vessel i s  capped and heated in the microwave 
unit. fier cool ing, the ve el contents are filtered and centri fuged, or a l loed to sett le 
and then d i luted to olume and analyzed by the appropriate SW-846 method ( Keith, 
1 996). fter the prescribed t ime interval for each extraction (Fraction 1 -4) ,  samples 
were upernatant filtered through a 0.45 �lm fi l ter. The remaining sol id samples were 
wa hed twice v ith Mi l l ipore D f  water before continuing with the next extraction step. 
For fraction 5, the final di lution was filtered through a 0.45 �m filter and stored at 
4° . Once an ent ire,  sequential extraction repl ication was completed, the samples 
\ ere analyzed for (AI ,  Fe, Cr, Cd Pb, Cu and Zn) by I nductive Coupled P lasma 
Spectrometry ( rC P-OES) according to E PA Method 60 1 0B ( Keith, 1 996). 
3.4. Statisti c a l  Treatm ent of Data 
The tatistical treatments and graphical presentations of the obtained data are 
conducted by means of Excel ( Microsoft office 2003,  windows xp).  The correlation 
matri es of the obtained data of the chemical and contro l l i ng parameters by JUM P IN 
software the d ifferences of variance (ANOVA) by SPSS .  
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CHAPTER FOUR 
SED I M E NTOLOGCAL ANALYSES 
OF TH E STU D I E D  DAM S  
4. S E D I M E NTOLOGCAL AN ALYS ES OF TH E STU D I E D  DAMS 
The main purp e of edimentologcal analy e i to determine and understand their 
grain ize chara teri tic , te tural and mineralogical properties. Thi information is  
es ential [or the asses ment of depo i tional environment and the determination of 
orne petrophysical and geotechnical characteri t ics.  
4. 1. G ra i n  s ize Ana lysis 
Grain ize analy i , al 0 known a partic le-size analysi or granulometric analysis, i 
perhaps th mo t ba ic edimentological technique to characterize and interpret 
sediment and sedimentary rocks.  The purpo e of this analysis is to deterrninete the 
r pecti e quantity of di fferent e lements composing sediments such as gravels, sands, 
mud , and c lays or silt and product of the mode of transportation by rol l ing, salutat ion 
and su pen ion, and indicat ive of the distance of transportation; the finer the size, the 
greater th distance ( Howari , et al . ,  2007) .  Depict the grain size distribution as a grain 
size hist gram provides a brief description of the shape of the sediments samples 
( Hyperbrick, 2006).  
4. 1 . 1 .  Textu ral Analyses 
A total numbers of eighteen selected samples col lected from the studied dams were 
subjected to grain size analysis, and the textural c lasses of the samples are tabulated in 
Table (4. 1 ) . In addition, the average of grain s ize distributions for the studied areas 
were represented as histograms. A ternary diagram with a grave l-sand-mud 
c lassi fication triangle by Folk ( 1 974) shown in Figure (4. 1 ), was used to c lassi fy  and 
visual ize the sediment samples of each dam, and the results were plotted in Figure 
(4 .2) ,  as wel l  as in  Appendices ( 1 1 1 - 1 - 1 1 1 -4) .  From Table (4 . 1 )  general ly, it can be 
deduced that most samples can be described as sandy gravel to gravely sand to a 
lesser extent muddy sand. According to the values l isted in Table (4 . 1 ), the sediment 
samples col lected from Al-Shuweib  dam can be c lassified as gravely sand, s i l ty sand 
and sandy gravel, whereas, selected sediments samples from AI-Bih dam 
characterized by sandy s i lt ,  sandy gravel and si lty sand. AI-Tawiyeen and Ham dams 
selected sedi ments samples are c lassified as si lty sand and gravel ly sand respectively. 
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Figure 4. 1 .  Textural C lassification Triangle of the sed iments samples accord ing to grain size 
distribution (Folk ,  1 974) .  
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Figure 4 .2 .  P lotted h istogram showing the textural classification of the sediment samples of 
AI-Shuweib, AI-Bih. AI-Tawiyeen and Ham dams. 
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Table 4 1 Textual analyses values in percentage of gravel ,  sand and mud for the selected 
samples from AI-Shuwelb, AI-Bih,  AI-Tawiyeen and Ham dams. 
Samples No Gravel % Sand % Si lt or Clay % Texture 
Shuweib-1 37.0 62.4 0.6 Sandy Gravel 
Shuweib-9 1 9.9 70.2 9.8 Gravel ly sand 
Shuweib- 1 8  0 0  80.8 1 9.2 Silty sand 
Shuweib-27 36.S 6 1 .0 2 .4  Sandy gravel 
Shuweib-34 30.1 66.S 3.3 Sandy gravel 
Shuweib-4 1 1 6.2 8 1 .4 2 .4  Gravelly sand 
Blh-1 70.6 2S. 1 4 .3  Sandy gravel 
Bih-3 0.0 72.2 27.8 Si lty sand 
Bih-S 0.0 1 7 .6 82.4 Sandy Silt 
Bih-7 0.0 1 7.6  82.4 Sandy Silt 
Bih-1 0 0 .0 68 .S 3 1 .S Si lty sand 
Tawiyeen-7 0.0 78.2 2 1 .8 Si lty sand 
Tawiyeen -9 0.0 82 .4 1 7.6 Si lty sand 
Tawiyeen - 1 1 1 2 .0  86.8 1 .3 Gravelly sand 
Ham-2 0.0 79.8 20.2 Si l ty sand 
Ham-6 0.0 86.3 1 3.7  Si l ty sand 
Ham-1 1 0.0 86.0 1 4 .0 Si l ty sand 
Ham- 1 3  4S.6 SO.2 4.2 Sand gravel 
F igure (4 .3)  showed that the gram Slze distribution for the d ifferent samples 
obtained from Al-Shuweib dam is not identical . Whereas, the most of the samples 
fol lo\ ed skewed to not normal distribution. The description of i nsoluble residue for 
these samples are very fine to gravely s ize composed mainly of quartz, which is 
mostly  abundant about 65% to 85%, and showed sub rounded to rounded grains. Rock 
fragments are mainly igneous and metamorphic in  origin with abundance of 1 0% to 
30%. Gypsum consistute about 5% and is present as the cement materals between the 
d ifferent granins. 
The h istogram for AI -B ih  dam (Figure 4.4) i s  composed mainly of quartz with sub 
angular to sub rounded grains. The percentage of rock fragments i s  about 50% where 
they are mainly igneous and metamorphic in orig in .  The percent of gypsum found to 
be in form of cement is about 30%. The rest of the samples were also s imi lar 
exhibi t ing very fine to gravely  size, grey color, composed 50%, sub angular to sub 
rounded grains of quartz, 40% gypsum in form of cement and grains about 40% and 
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Figure 4 .3 .  H istogram showing the grain size d istribution of the selected sediment 
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Figure 4 .4 .  H istogram showing the grain size d istribution of the selected sediments 
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Figure 4.5 .  H istogram showing the gra in  size d istribution of the selected sed iment 
samples collected from AI-Tawiyeen dam . 
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In l-Tawiyeen darn ( Fig. 4 . 5 ), the grain size di tribution fol lowed skewed and 
normal distribution mode. The sample were dark grey, sub angular to rounded grains 
quartz grain forming more than 85%, fe ldspars form about 8% rock fragments 
mainly igneous and metamorphic are about 5%, whi le the rest is opaque heavy 
mineral . The re t of the ample were c lay or s i l t  size, quartz grains are more than 
95%, rock fragments are about 3% and hea y minerals are very rare. 
On other hand, Ham dam hi togram showed that the grain s ize distribution of the 
ample 2, 6 and 1 3  fol low kewed distribution and sample number 1 1  fol low normal 
di tribution a shown in Figure (4.6) .  The e samples were yel lowish brown very fine 
to gravely size composed mainly of quartz, which is mostly abundant about 95%, sub 
angular to rounded grains. Rock fragments are mainly igneous and metamorphic 
about 2%, feldspars about 2% whi le gypsum and opaque heavy minerals are rare. The 
rest of the ample were grey color, c lay or s i l t  s ize composed mainly of 98% quartz, 
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4 . 2 .  M i ne ra l o g i c a l  Ana lyses 
lay mineral are an important group of minerals because they are among the 
mo t common product of chem ical weathering, and thus are the main consti tuents of 
the finc-grained sedimentary rocks (mud tones, claystones, and shales) .  General ly, the 
c lay mineral occur a uch small min ral grains that they cannot be easi ly 
di t ingui hed in ei ther hand spec imen or thin ection. X-ray technique are thus 
u ual ly required to ident i fy the c la minerals (Stephen, 2006). 
4.2. 1 .  M icroscopic study 
The micro copic examination of the sediments partic les of various grain s izes, using 
the m icroscope ugge t a rather l im ited effect of chemical weathering. The mineral 
compo it ion of the sediments partic les re flects their derivat ion from different sources, 
inc luding;  igneou and metamorphic rocks.  The relat ive abundance of these c lastics 
varies from one place to another, depending on the prevai l ing source rocks in the 
hinterland. Microphotographs of normal and polarized l ight m icroscope were used to 
stud the non-clay minerals in sand-size fraction of major four dam ' s  samples. The 
observations of microphotograph for Al-Shuweib dam showed calcite quartz, and 
p lagioclase (F igures 4 .7  & 4 .8) .  For AI-Bih dam, it observed quartz, calcite, gypsum 
and plagioc lase ( Figures 4 .9  & 4 . 1 0). Moreover in A I-Tawiyeen dam tabular grain, 
subrounded grain and p lagioclase were observed (Figures 4 . 1 1  & 4. 1 2) .  Whereas in 
Ham dam calcite, p lagioc lase and i ron oxid grain were observed (Figures 4 . 1 3  & 
4. 1 4). The col lected sediments samples, without exception, contain quartz that may 
poi nt to the important role of the aeo l ian transp0l1ation from the surrounding desert. 
Aeol ian sediments in AI-Bih,  A I-Tawiyeen and Ham dams accumulate in the wadis 
between the high and rough mountains that are part of the Oman Mountain range. 
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Figure 4 .7 .  Microphotograph with normal l ight showing calcite g rain ,  quartz and some clay mineral 
grain in AI- Shuweib dam - (x-25). 
Figure 4.8. Microphotograph with polarized l ight showing calcite and plag ioclase grain in AI-Shuweib 
dam - (x-25). 
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Figure 4.9. Microphotograph with normal l ight showing rectangular shape of calcite grain, quartz, and 
gypsum in AI-Bih dam - (x-25).  
F igure 4 . 1 0 .  Microphotograph with polarized l ight showing calcite and palogiclase in AI-Bih dam (x-25). 
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Figure 4 1 1 .  Microphotograph with normal l ight showing tabular grain and calcite grain in AI-Tawiyeen 
dam - (x-25).  
F igure 4 . 1 2 .  Microphotograph with polarized l ight showing plagioclase grain in  AI-Tawiyeen dam (x-25).  
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Figure 4 . 1 3 .  Microphotograph with normal l ight showing iron and calcite grain in Ham dam - (x-25). 
Figure 4 . 1 4 .  Microphotograph with polarized l ight showing grain in Ham dam - (x-25). 
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4.2 .2. X-ray diffraction analysis 
X-ra powder di ffraction anal i is  the be t a ai lable technique for the identification 
and quanti fication of all mineral present in the sediments. X-rays of a known 
wavelength are pas ed through a sample in order to ident i fy the crystal structure. The 
wave nature of the X-ray mean that they are d iffracted by the lattice of the crystal to 
give a unique pattern of peak of 're flections' at d iffering angles of different intensity, 
ju t a l ight can be di ffracted by a grat i ng of suitably spaced l ines ( Brindley 1 980; 
Reynold , 1 989: n der and 8ish, 1 989; McManus, 1 99 1 ' Moore and Reynolds, 1 997 
and Jan
' 
rodon, 200 1 ). 
X-Ray diffraction for clay minerals: The identi fication of c lay minerals in the clay 
ize « 2�lm) of the total number of nine sediment samples col lected from the studied 
area b X-ray d iffraction instrument showed the extent of d-spac ing expansion and 
contraction indicative of certain c lay minerals during subsequent treatments. These 
treatment inc lude air-drying, glycolation with ethylene glycol and heat ing to 550°C . 
The relative abundance of c lay minerals was determined in  account of the height and 
width of the basel re flection (Brown 1 96 1  and Reynolds, 1 989) .  
Table (4.2) ident ifies c lay minerals in  AI-Shuweib, AI-Bih and AI-Tawiyeen dams 
and showed simi lar distribution with the same c lay minerals ( Figures 4. 1 5 , 4 . 1 6  & 
4. 1 7) .  The m i nerals identified assemblage o f  quartz as major mineral ,  I l l i te as 
subordinate mineral and chlorite as m i nor m i neral .  Whereas, in Ham dam (Figure 
4 . 1 8 ), I l l ite showed as maj or mineral ,  quartz as subordinate and chlorite remains as 
minor m ineral in col lected sediment samples. 
Table 4.2. The identified m ineral composition of selected samples as detected from the X-ray 
diffractograms for clay size fraction arranged according to their decreasing 
abundance. 
Samples Major Mineral(s) Subord inate Minera l(s) Minor No.  Minera l{s} 
Shuweib-3 Quartz I l lite Chlorite 
Bih-1 0 Quartz I l lite Chlorite 
Tawiyeen-7 Quartz I l l ite Chlorite 
Tawiyeen -9 Quartz I l l ite Chlorite 
Tawiyeen - 1 1 Quartz I l l ite Chlorite 
Ham-2 I l lite Quartz Chlorite 
Ham-6 I l lite Quartz Chlorite 
Ham- 1 1 I l l ite Quartz Ch lorite 
Ham-1 3 I l l ite Quartz Chlorite 
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X-Ray Diffraction for non-clay millerals: The identification of total number of nine 
elected ample from the tudied area wa appl ied using X-ray diffraction technique 
on non-clay mineral In ize fraction arranged according to their decreasing 
abundance are I i led in Table (4 .3) .  The identi fication of X-ray diffraction pattern for 
1- huweib dam ( Figure 4 . 1 9) ,  howed the quartz and calcite are major minerals; 
dolom ite and plagioc lase are subordinate minerals and c lay mineral and serpentine 
are minor mineral . Whereas in I -Bih diffraction pattern ( Figure 4 .20), quartz and 
calcite pre nt a major minerals;  dolom ite as subordinate mineral and c lay minerals, 
erpentine and plagiocla e as minor minerals .  The average X-ray d iffraction pattern 
ror the elected amples col lected from AI-Tawiyeen dam (Figure 4 .2 1 )  showed 
quartz and calc ite are major minerals; dolom ite, serpentine and c lay minerals as minor 
minerals, whereas, the plagioc lase was presented in a l l  group of d iffraction 
ident ification. In addition, the d iffraction pattern of Ham dam (Figure 4.22) showed 
quartz and calcite are major minerals; plagioc lase and amphibole are subordinate 
mineral and c lay minerals and pyroxene are m inor minerals, whereas, the dolomite 
and serpentine were presented in di f erent group of d iffraction ident ification. 
Table 4.3. The identified m ineral composition of selected samples as detected from the X-ray 
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Figure 4 . 1 9 .  X-ray powder diffraction pattern of non-clay size fractional minerals of the selected samples 
from AI-Shuweib dam. 
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Figure 4.20.  X-ray powder diffraction pattern of non-clay size fractional minera ls  of the selected samples 
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Figure 4.22 . X-ray powder diffraction pattern of non-clay size fractional minerals of the selected samples 
from Ham dam. 
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The edimentological analyse for the samples col lected from the tudied area for 
granulometric and mineralogical analyses revealed that the quartz is a major mineral 
con ti tuent of mo t of the studied amples. The marked dominance of single quartz 
grain \: ith uni form extinction in the AI- huweib darn sediments indicates that these 
sediment are con iderable mineralogical maturity. This suggests that major part of 
the e and pa se through everal sedimentary cycles rather than derived directly 
from igneous rock and metamorphic rocks (Ehlers and Baltt, 1 982 and Howari et a I . ,  
2007). The proportion of s ingle quartz grains are highe t at the south eastern of the 
country but general ly decrease toward the northern eastern of the tudied area. This 
fact i related to the local contribution from the sunounding mountains and of aeol ian 
ediment from the de ert ( Yaalon, 1 987·  Stahr, et a I . ,  1 989; Jahn et a I . ,  1 99 1 ;  
Yaalon, 1 997; AI - heriani 1 998 and Howari et aI . ,  2007) .  
Calcite i s  another maj or mineral constituent in  investigated sediments and imparts 
them with a l imy nature . D ioxn, ( 1 994) suggested that calc ite prec ipitates in  
sediments by evaporation pH increase due to loss of CO2, increase of temperature, 
common ion effect and biological processes . I t  can be introduced to sediments 
through the eaol ian transportat ion from the l imestone mountains spread out 
everywhere in  the study area. Sediments can concentrate the flow of water during the 
very short and occasional rainy periods and precipitates CaC03 dur ing the long dry 
sea on to form sol id i fied and impervious hardpan (duricrust) . This reaction can be 
expressed by the fol lowing equations: 
Rainy Season Dry Season 
Calcite ,  as such, precipi tates as intergranular fi l l ings, cement, and pocket fi l l ings .  
Although its contents are persistently substantia l ,  and its vary from one place to 
another, tmder the control of  drain direction ground slope and p lant/microbial growth 
(Cal lot, et a i . ,  1 98 5 ·  Folk 1 993;  and Newman, et a I . ,  1 997). It is unclear whether the 
laths of calc ite origina l ly  grew as organic material and later replaced by calc ite or 
whether they original ly grew as calcite (Newman, et a I . ,  1 997).  Therefore, calcite as 
wel l  as other carbonate minerals may be present in sedi ments detrital part ic les, 
coati ngs over or between other partic les. 
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arbonate coatings in  sediment matrix may form in layers from impeded water 
movement. Lime tone and dolomite are the h: 0 major types of carbonate rock . 
Dolom ite (CaMg( 03)2 ) i s  detected in mo t of the analyzed sediments samples, but 
with higher iabi l i ty in the sediments of the ea tern mountains ( I -B ih AI-Tawiyeen 
and I Iam dam ), a the ophiol ite equence i the potential source of magnesium. 
Feld pare are generally of plagioc la es present in many types of metamorphic rocks; 
\ hich howed sl ight alteration due to weathering proce s, particularly along fractures 
and clea age planes. However, the spec i fic c l imate in our region, which is typical arid 
moi ture regime, doe not al low signi ficant breakdown of the aeol ian plagioc lases 
transported from de ert .  The rel iable identi fication of minerals such as amphiboles 
mineral that pos e ediments solution and possibi l i t ies of alterat ion i s  a rather 
d i fficult ta k (AI- heriani ,  1 998) .  Amphiboles and feldspars disappear from sediments 
after approxi mately one Ma of weathering under humid c l imate. Longer laps of time 
must be required for complete weathering of amphiboles and feldspars under the arid 
moisture regime (Bul len, et a i . ,  1 997) .  Amphiboles, serpentines and pyroxenes are 
m i nerals of e ither igneous or metamorphic rocks (Hurlbut et a i . ,  1 985 and Stephen, 
2006). The minerals constitute pyroxenes espec ial ly toward the northeastern parts of 
the study area where the Oman Mountains are located. Pyroxenes are orthopyroxenes 
(enstatite-hypersthene) and subordinate amounts of c l inopyroxenes (diopside-augite). 
I l l i te occurs as an alteration product of muscovite and feldspar in  weathering and 
hydrothennal envi roJUnents . It is common as sediments, soi l s, and argi l laceous 
sedimentary rocks as wel l  as in some low grade metamorphic rocks ( Mitche l l ,  1 993) .  
The X-ray d iffrection i l l ustrates that i l l ite presented in  most of the sediment samples 
in studied area. Chlorite presents as a minor mineral in  the studied sedi ments and it is 
commonly found i n  igneous rocks. However, it  can be general ized that the studied 
area sediments consist of three maj or inorganic constituents, namely; carbonates, such 
as calc ite and dolomite' s i l icates, such pyroxenes and serpent ines; free s i l ica, which i s  
mostly in  the fonn of detrital quartz. The identified m i nerals can not be considered as 
a source of heavy meta l .  
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CHAPTER FIVE 
G EOCHEMICAL ANALYSES 
5. G EOCH E M ICAL A N A LYS ES 
One of the mo t important field of geochemi try is to examine the di tribution and 
mo ement of element in di fferent parts of the earth (crust, mant le, hydrosphere etc . )  
and in  minerals with the goal to  determ ine the underlying system of distribution and 
movement. Therefore, n inety-three amples were col lected in a systematic fashion 
from the major dam of VA � .  These amples are distributed as fol low: forty-one 
ediments ample fr m AI- huweib dam, twenty-three sediments samples from AI­
Bih dam, ele en ediment ample from I-Tawiyeen dam and eighteen sediments 
ample from Ham dam . These amples were subjected to geochemical analysis that 
inc luded pH, TDS, CO)%, TOM%, P20S%, and CEC, as wel l  as bulk metals analysis 
and equ ntial hea y metals analysis .  
5 . 1. Dete rm i nation of pH 
The value of pH of th sediments samples were determine for Al-Shuweib, AI-B ih, 
A I-Tawiyeen and Ham dams (Table 5 . 1  and Appendix I I . l ) . General ly,  the values of 
pH for AI-B ih, Al-Tawiyeen and Ham dams are almost equal and there i s  sl ight 
increa e of pH value in AI-Shuweib dam. 
Table 5 . 1 .  Average, m in imum,  maximum and standard deviation of pH values for the major 
four dams. 
AI-Shuwieb AI-Bih AI-Tawiyeen Ham 
Samples "N" 4 1  2 3  1 1  1 8  
Average 7.85 7 . 4 1  7 .47 7 .46 
Minimum 7.2 6 .98 7.30 7.23 
Maximum 8.6 8 . 1 1 7 .78 7 .82 
STD 0 .4  0.30 0 . 1 3  0. 1 7  
"N" . No. of samples collected from each dam. 
5.2.  Tota l Dissolved S o l i d  C on te n t  (TDS) 
The values of TDS (ppm) of the col lected sediment samples from AI-Shuweib, Al­
B ih, A I-Tawiyeen and Ham dams were presented (Table 5 .2  and Appendix  1 l .2) .  I t  
can be observed that the TDS values in  AI-Bih sedi ment samples i s  higher than other 
dams .  
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Table 5 2  Average, m in imum,  maxim um and standard deviation of (TDS, ppm) values for the 
major four dams. 
A I -S h uweib AI-Bi h  A I -Tawiyeen H am 
Samples "N" 41 23 1 1  1 8  
Average 227. 1 744 .5 564.9  337.8 
Minimum 1 04.3 246 8 1 83.0 1 90 . 1  
Maximum 6 1 0.6 1 8 1 3.8 935.0 447.2 
STO 1 07.8 495.4 228 . 1  76. 1 4  
"N" No. of samples collected from each dam 
5 . 3 .  Tota l C a rbo nate Co ntent (C03 % )  
The analytical re ult values for carbonate content percentage (C03%) of the sediments 
amples col lected from AI- huweib, AI-B ih, AI-Tawiyeen and Ham dams were 
presented in Table ( 5 . 3 )  and Appendix ( 1 1 . 3 ) .  I t  can be observed from the values 
record d that AI- huweib and Ham dams values are almost s imi lar, whereas there is  
an increase in percentage value of carbonate in AI-Bih and AI-Tawiyeen dams .  
Table 5 .3 .  Average, m in imum,  maximum and standard deviation of  total carbonate content 
(C03 %) values for the major fou r  dams. 
A I -S h uweib A I-Bih AI -Tawiyeen Ham 
Samples uN" 4 1  2 3  1 1  1 8  
Average 1 9.20 32.58 28. 1 0  1 6.81  
Minimum 1 2.06 23.45 24 .21  1 2 .07 
Maximum 27 .40 49.27 37.31  2 1 .99 
STO 3.52 6 .58 3.80 2 .92 
"N" . No. of samples collected from each dam. 
5.4.  Tota l Org a n ic Matte r C onte n t  (TOM % )  
The alues of total organic matter content (TOM %) of the sediments samples 
col lected from the investigated dams were presented in Table ( 5 .4)  and Appendix 
( 1 l .4) .  The measured values showed a very low percentage of total organic matter 
content in sediments samples col lected from investigated. 
Table 5 .4 .  Average, m in imum,  maximum and standard deviation of total organic matter content 
(TOM %) values for the major four  dams. 
A I-S h uwei b AI-B i h  A I -Tawiyee n  Ham 
Samples UN" 4 1  23 1 1  1 8  
Average 2 .22 5.00 5.36 4.58 
Minimum 0.22 2 .49 3.81 2.32 
Maximum 6.35 7 .4 1  7 .33 7.04 
STO 1 .43 1 .42 0 .92 1 .63 
"N" . No. of samples collected from each dam. 
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5 .5.  Tota l P h o s p h ate Co ntent  (P20S % )  
The percentage value of total phosphate content ( P20S%) o f  the sediments 
ample of AI- huweib, AI-Bih,  I-Tawi een and Ham dams were l isted in Table 
(5 . 5 )  and Appendix ( I 1 . 5 ). The values of P20S content are low in four dams sediment 
amples. 
Table 5 5 Average, min imum,  maximum and standard deviation of total phosphate content 
(P20S %) values for the major four dams. 
AI-Shuweib A I ·B ih  A I ·Tawiyeen Ham 
Samples uN" 41 23 1 1  1 8  
Average 2.49 4.35 8.94 5.53 
Minimum 1 . 1 5  2.23 4 . 79 2 .27 
Maximum 5.95 5.58 1 1 .38 8.33 
STD 1 .3 1  1 .07 1 .7 1  1 .80 
"N" No of samples collected from each dam. 
5.6. Cation E x c h a n g e  C a p a c ity ( C E C )  
The cat ion e change capac ity of the sediments samples in Al-Shuweib, A I-B ih, At ­
Tawiyeen and Ham dams were l isted in  Table (S .6)  and Appendix ( I I .6) .  
Table 5.6.  Average, m in imum,  maximum and standard deviation of  cation exchange capacity 
(CEC m.eq.l1 00 g soil) values for the major fou r  dams. 
AI·Shuweib AI-Bih A I -Tawiyeen Ham 
Samples "N" 41 23 1 1  1 8  
Average 29 . 1  49.0 57.9 45.0 
Min imum 9 . 1  20.9 1 6.6 20.0 
Maximum 7 1 .2 72.5 82.3 85.4 
STD 1 2 .5 1 3.3 1 8 .7  1 9. 1  
5.7. B u l k  Meta ls a n a lys is o f  A I ,  F e ,  C u ,  C d ,  C r, Pb a n d  Z n  
The concentrations of the analyzed metals ( A I ,  Fe, Cu, C d ,  Cr, Pb and Zn) in  the 
sedi ments samples col lected from AI-Shuweib, AI-B ih, A I-Tawiyeen and Ham dams 
were measured in c lay size sediments (>2Ilm) .  Table (S . 7 )  and Appendix ( I I . 7 )  
showed the concentration values of analyzed metals from sedi ment samples col lected 
in AI-Shuweib dam, Table (S . 8 )  and Appendix ( I I . 8 )  for AI-Bih dam, Table (S .9) and 
Appendix  ( I I .9 )  for A I-Tawiyeen dam, and Table ( S . 1 0) and Appendix ( I 1 . 1 0) for 
Ham dam. 
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Table 5 7 Average, min imum.  max imum and standard deviation of bulk trace elements 
analysis in ppm for 4 1  sed iment samples collected from AI-Shuweib dam 
AI Fe C u  C d  C r  P b  Zn 
Average 23.6 4 1 .0 0.03 0 0.3 0.02 0.1 
MInimum 18 1 20 8 0 .01  0 0 0 .01  0 03 
Maximum 28.5 72.8 0.07 0 0.5 0.03 0 .4 
STD 2 . 1  1 2 .0 0.02 0 0 . 1  0 .01 0.06 
Table 5 8 Average, min imum,  maximum and standard deviation of bu lk trace elements 
analysis in ppm for 23  sed iment samples collected from AI-Bih dam 
AI Fe Cu Cd Cr Pb Zn 
Average 26.8 44 . 1  0 .03 0 0 . 1  0.03 0 . 1  
Min imum 22.6 24.4 0.01 0 0 . 1  0.03 0.06 
Maximum 28.3 58.7 0.05 0 0.2 0 .06 0 . 1 7  
STD 1 .6 1  8.3 0.01 0 0.03 0.007 0 .02 
Table 5.9. Average, min imum,  maximum and standard deviation of bulk trace elements 
ana lysis In ppm for 1 1  sed iment samples collected from AI-Tawiyeen dam 
AI Fe C u  C d  C r  P b  Z n  
Average 28.8 64.7 0.1 0.0003 0.3 0.04 0.2 
Min imum 27.7 56.9 0.1  0 0.3 0.03 0 . 1  
Maximum 30.8 80.9 0 . 1  0.002 0 .4 0 .04 0 .6 
STD 0.8 6 .8 0.02 0 0 .03 0.005 0 . 1  
Table 5. 1 0. Average, m in imum,  maximum and standard deviation of  bu lk  trace elements 
ana lysis in ppm for 1 8  sediment samples col lected from Ham dam 
AI Fe Cu Cd Cr Pb Zn 
Average 28 . 1  73.3 0 . 1  0 .0004 0.9 0 .03 0.2 
Minimum 26.7 56.9 0 . 1  0 .0 0 .7  0.02 0 . 1  
Maximum 29.5 85.2 0 .2 0.003 1 .5 0 .04 0.5 
STD 0.8 7 .0 0.04 0.0009 0.2 0.006 0 . 1  
7 1  
5 . S .  Sequenti a l  Heavy Metals  A n a l ysis  ( C h e m i c a l  speciati o n )  
equential e traction procedure de  cribed by  Tes ier, et a l .  ( 1 979) was employed 
with l ight modi fication (K irk et a I . ,  2003) on five sample from each dam. Various 
analytical techniques were used to quanti fy Cu, d, Cr, Pb and Zn fol lowing a 
equential e traction by using tw instmment ; the Inductive Coupled Plasma Optical 
Emi sion p ctrometry ( I  P-OE ) and Flame Atomic Absorption pectrometry 
( ) .  Briefly, Tessier' procedure extracts metals associated with five fractions : 
( F  I )  exchangeable, ( F2)  carbonate , (F3 )  FefMn oxides, (F4) organic matter, and (F5 )  
re idual .  The alue of the selected metal elements l iberated by the five fractions for 
Al huweib dam Ii ted in Table ( 5 . 1 1 ), Table ( 5 . 1 2 ) for Al -B ih  dam, Table (5 . 1 3 ) for 
I -Tawiy en dam and Table (5 . 1 4) for Ham dam . 
Table 5. 1 1. List of sequential heavy metals analysis (speciation) AI-Shuweib dam in ppm. 
Sam ples No. Fraction Cu Cd Cr  P b  Zn 
F1 0.6 0 0 . 1  0 .5  0 .3  
F2  0.9 0 0 0 3 .4 
S 2  F3 7 .3  0 0 . 1  1 .5 1 0 .4 
F4 4 . 1  0 0 .4 0 1 .3 
F5  0 .6  0.05 1 .B 0.3 5 .7 
F1  0.25 0 0 .006 0.2 0.2 
F2 1 .6 0 0 0 4 .6 
S 1 0  F3 6 0 . 1  0 .4 1 .2 5.6 
F4 4.2 0 0.5 0 1 . 1 
F5 O.B 0.05 1 .4 0.2 6 . 1  
F 1  0 . 1  0 0 .02 0.05 0 . 1  
F2  3 0 0 . 1  0 4 .6 
S 20 F3 2 .6  0 0 . 1  0 3 .7 
F4 3 . 1  0 0 .4 0 1 .B 
F5 0.6 0 .04 1 .2 0 .2 5 .6 
F 1  0 .25 0 0.05 0.35 0 . 1  
F2  1 .5 0 0 0 4 .3 
S 30 F3 1 .4 0 0.2 0 2.6 
F4 3 . 1  0 0.6 0 0 .7  
F5  0.6 O.OB 2 . 1  0.2 6.2 
F 1  0 .4 0 0.006 0.2 0.3 
F2 3 0 0 0 5.2 
S 40 F3 3 .5 0 0.3 2.3 4 .B 
F4 3 .7  0 0 .6 0 0.6 
F5 1 .3 0 . 1  2 .9 0.4 7 . 1 
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Table 5 12 List of sequential heavy metals analysIs (speciation) AI-Blh dam in ppm. 
Sam ples No. Fraction C u  C d  C r  P b  Z n  
F 1  0.8 0 0.006 0.2 0.1 
F2 0 .9 0 0.3 0.1  4 
8 3  F3 2 . 7  0 0 . 1  0.5 2 . 1  
F4 3.8 0 0.3 0 0.6 
F5 0.8 0.04 0.8 0.2 6 . 1  
F 1  0.25 0 0.006 0 . 1  0 . 1  
F2 1 .6 0 0.2 0.2 2 .7  
8 9  F3 3 4  0 0 . 1  0 .4 3 
F4 3 .7  0 0 .4 0 0.6 
F5 1 . 1 0.06 0.8 0.3 6.5 
F1 0.3 0 0.006 0.2 0.06 
F2 1 . 4 0 2 .4  0 2 .7  
8 1 5 F3 5 .6  0 0.2 0.2 3 
F4 3.9 0 0 .4 0 1 .5 
F5 0.8 0.2 0.8 0.2 5 . 1  
F 1  0 . 1  0 0.04 0 . 1  0 .04 
F2 0.8 0 0 .2 0.3 3.6 
8 20 F3 5 . 1 0 0 0 .4 3 .2  
F4 4 .5  0 0.6 0 1 .6 
F5 0 .22 0.005 0.06 0.06 4 .4 
F1 0 .2  0 0.02 0.2 0 .06 
F2  2.5 0 1 .2 0 .7  4 .8  
8 23 F3 2 .3  0 0.3 0 . 1  1 .8 
F4 3.9 0 0.5 0 1 .6 
F5 0 .4 0.02 0 .4 0 . 1  3 
Table 5 1 3. List of sequential heavy metals analysis (speciation) AI-Tawiyeen dam in ppm . 
Samples No. Fraction C u  Cd  C r  P b  Zn 
F 1  0.3 0 0.001 0 . 1  0 . 1  
F2  1 .5 0 0. 1 1 . 1 5 . 1  
T 1  F3 4 .2 0 0.2 0 1 .9 
F4 3 .7 0 1 .4 0 0 .7  
F5 1 .3 0.07 1 .6 0 .3  7 .3  
F 1  0 .2  0 0.001 0.3 0. 1 8  
F2  0 .7  0 1 0 .2  3 .3  
T 4  F3 4 .2 0 0.3 0 2 .4 
F4 3.9 0 0 .8 0 0 .6 
F5  1 .5 0 . 1  2 . 1  0 .4 7 .8 
F1 0 .3 0 0.00 1 0.26 0 . 1  
F2  0.6 0 0 .4  2 .2  3 .5  
T 7  F3 4 .3  0 0 .6  0 2 .3  
F4 4 0 0.3 0 0 .9  
F5  0.8 0.03 0.9 0 . 1  2 .3 
F1 0 .4 0 0.001 0.2 0 . 1  
F2  1 .3 0 0.3 0 . 1  3 .2 
T 9  F3 4 .2  0 0 .2 0 . 1  5 . 2  
F4 4 0 0 .4 0 0 .7  
F5  0 .5  0.03 1 .7 0 . 1  2 . 1  
F 1  0 . 1  0 0.002 0 . 1  0 . 1  
F 2  3.3 0 0.4 0 3.6 
T 1 1  F3 3.9 0 0 . 1  0 2 
F4 3.9 0 0 .6 0 0.8 
F5 0 . 1  0.04 3 . 1  0 . 1  0.6 
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Table 5 1 4. List of sequential heavy metals analysis (speciation) Ham dam in ppm 
Sam ples No .  Fraction C u  C d  Cr  Pb 
Zn 
F1 0 . 1  0 0.002 0 .2 0.04 
F2 1 2 0 0 .7 0 4.3 
H 1 F3 4 .4 0 0.5 0 2 
F4 4 . 1  0 0 .7  0 0.8 
F5 3.5 0 . 1  2 .8  0.2 4 .2 
F1 0.2 0 0 .002 0 .2  0 .04 
F2 1 .4 0 1 .4 0 4 .5  
H 5  F3 4 . 1 0 0.9 0 2 .3  
F4 4 . 1  0 0.5 0 0.8 
F5 1 .8 0 . 1  3 . 5  0.2 4.6 
F1 0.2 0 0 0.3 0.1  
F2 4.8 0 0.3 0 4 .5  
H 1 0  F3 4 0 0 .7  0 2.2 
F4 2.8 0 0.3 0 0 .7  
F5 2 .3  0.3 4 0.3 4 .7  
F1  0. 1 0 0.00 1 0 .4  0 .2 
F2 1 .5 0 0 .2 0 .2 4 .3  
H 1 5  F3 4 .2 0 0.8 0 3.6 
F4 2.6 0 0 .4 0 0.6 
F5 2 . 1  0 .2 6 .4  0 .2 4.5 
F1 0 . 1  0 0.002 0 .7  0 .2 
F2  9 0 0 .6 0 . 1  5 .4 
H 1 8  F3  4 . 1  0 0.3 0 3.6 
F4 2.9 0 0 .6 0 0.8 
F5 2 .4 0 .2 4 .9 0 .2 5 .5 
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CHAPTER S IX 
DISCUSSION 
6. D I S C U S S I O N  
The concentration of trace element III ediments can be influenced b ariation in 
tbeir t ture, c mpo i tion, reduction/ox idation react ions, adsorption/desorption, and 
phy ical tran port or sort ing in addition to anthropogenic metal input (Forstner and 
Wittman, 1 983 ;  Dang, et a l .  2002 and Ma, et a l . ,  2002). Those factors affect the 
a ai labi l ity of metal concentration in t ime and space. 
6. 1 .  Geoc h e m i stry a nd Distr i bution of Ana lyzed Meta ls 
Trace metal may be distributed among several ediments components and may be 
a oc iated with these components in di fferent ways and strengths ( Kersten and 
For tner, 1 989 and Ract, et a l . ,  2003) .  The concentrations of selected analyzed metals 
(Cu, d, r, Pb, and Zn) in total number of ninety-three ediment samples col lected 
from AI - hUv eib, AI-B ih, A l-Tawiyeen and Ham dams were almost s imi lar 
distribution among the dams .  By taking into account the effect of the physico­
chemical proce es with regard to metal accumulation and the concentrations of 
mea ured heavy metals in the c lay fract ion. 
From the measured results l i sted in  Tables ( 5 . 7  - 5 . 1 0), i t  can be revealed that the 
Cu Zn, Cr, Pb, and Cd contents have almost s im i lar average concentrat ion values 
among the i nvestigated sedi ment samples. The average of the Copper (Cu) 
concentration i s  around 0.03 ppm i n  both AI-Shuwieb and AI-Bih dams whereas in 
Al-Tawiyeen and Ham dams have higher concentration value, which are equal to 0 . 1 
ppm. The i ncrease of Cu concentration in  analyzed sedi ments samples could be due to 
ultramafic igneous and metamorphic rocks exposed near ophiol i tes of the Oman 
Mountains which may be derived near the dams through the weathering process 
( Mason, et. a l . ,  1 982; A l-sheriani ,  1 998) .  Generally, Cu is a natural ly occurring 
e lement, which can be found in  all env i ronmental media:  air, soi l ,  sediment, and water 
(Al loway 1 990). The average value of Cu in the earth' s curst is equal to 45 ppm 
(Turkian and Wedphole, 1 96 1  and Al loway, 1 990). It may be present in sedi ments as 
soluble compounds inc luding n itrates, sulfates and chlorides, and insoluble 
compounds such as oxides, hydroxides, carbonates and sulfides ( Bodek, et a I . ,  1 988 
and Budavari , 1 996). Soluble Cu compounds strongly sorbs to partic les of organic 
matter, c lay sedi ments, or sand, and demonstrate low mobi l i ty in  sediments ( Bodek, et  
a I . ,  1 988) .  Insoluble eu compounds are effectively i mmobile in  sediments. 
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The c ncentration of Zinc (Zn) in analyzed sediment samples col lected from the 
investigated dam howed the average value of 0. 1 ppm in AI- huwieb and AI-Bih 
dam . and 0.2 ppm in both AI-Ta iyeen and Ham dam . These a erage value are 
very low compared with the average concentration of zinc value in the earth 's  crust, 
which equal to 75 ppm (Adriano. 1 986; Turk ian and Wedphole, 1 96 1  and Al loway, 
1 990).  A the Copper, the Zn indicate a very close proximity to their  ul tramafic 
Igneous ource r cks ( Mason, et .  a I . ,  1 982).  Zinc and Copper in the sediments are 
general l  good indicators of anthropogenic input (Forstner and Wittman, 1 979).  Zinc 
IS an e ential trace element for organisms where it plays a vital role in the 
physiological and metabolic processes of many organisms, but at high concentrations 
zinc can be to ic to the organism ( Varshney, 1 983 ;  Moore and Ramamoorthy 1 983 ;  
l loway, 1 990 and Keikens, 1 990). 
From the measured result of col lected sediment samples, i t  can be observed that 
the Chromi um (Cr) concentration is s l ightly increasing in the northern region such as 
in Ham dam, where the average value is equal to 0 .9 ppm. Whereas Cr content 
howed s imi lar average value in the sediment samples col lected from both AI­
Shuwieb and AI-Tawiyeen dams which i s  equal to 0 .3  ppm, and 0. 1 ppm in  AI-Bih 
dam . This  metal is derived from the weathering process of ophiol i t ic rocks exposures 
of Oman Mountains, which are dominated by o l iv ine, pyroxene and serpentine 
(Gui lbert et. a l . ,  1 986' Al-sheriani,  1 998) .  The average Cr content in earth' s  crust i s  
equal to  1 00 ppm (Turkian and Wedephole, 1 986; A l loway, 1 990), this value i s  much 
higher than the value presented in  this study s i tes. 
The recorded value of the average concentration for Lead ( Pb)  in  both AI-Bih and 
Ham darns sediment samples is equal to 0 .03 ppm, whereas in A I-Tawiyeen dam the 
average value equal to 0 .04 ppm and in A I-Shuwieb dam, the average concentration 
of Pb equal to 0 .02 ppm. The present of Pb in the analyzed sediment samples 
indicates a c lose proxi mi ty to metamorphic rocks source which i s  also derived from 
the ophiol i t ic rock exposures ( David et a I . ,  1 973) . Lead belongs to the more abundant 
trace elements in the earth crust ; and it average value in shale is equal to 20 ppm 
(Turkian and Wedephole, 1 96 1 ;  Adriano, 1 986; A l loway, 1 990). 
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[n ediment , lead is  relati el immobi le and persistent whether added to the 
ediments a hal ides, hydroxide , oxide , carbonates or sulfates (U -EPA, 1 997).  
When relea ed to ediments, Pb i s  normally con erted from soluble lead compoLmds 
to relatively in o Juble ul fate or phosphate derivati es. It also forms complexes with 
organic matter and c lay mineral , which l imi t  it mobi l i ty .  However, leaching of lead 
can be relati e ly rapid from some ediment, e pecia l ly at high-contaminated s ites or 
land fi l l  ( Ka ser, e t  a I . ,  1 982).  Concentrat ion of lead in  sediments solution reaches a 
mlnlmum between pH 5 and 6 because metal organic complexes form in this pH 
range. In addit ion, other factors may affect the uptake of lead including cation 
exchange capac ity, organ ic matter content calcium content, metal concentrations, 
prec ipitation, l ight, temperature and low pH (US EP 1 997) .  
There was no signi ficant values of Cadmium (Cd) concentration appeared in the 
col lected sediments samples of studied areas except very s l ight values appeared in  
both Al-Tawiyeen and Ham dams .  Cadmium is  natural ly occurring rare elements that 
does not have any known essent ial or beneficial biological function (Eis ler, 1 985) .  
Even though, the average cadmiwn concentration in the earth's crust i s  general ly 
placed between 0 . 1 and 0 .5  ppm, much higher level s  may accwnulate in  sedimentrary 
rocks (Turkian and Wedphole, 1 96 1  and Al loway 1 990).  Cadmiwn can be adsorbed 
to sediments but to a much lesser extent than most other heavy metals. The most 
i mportant sediments propert ies influencing adsorption are pH and organic content. 
Therefore,  leaching is more l i kely to occur under ac id conditions in sandy sediments. 
P ickering ( 1 980) found that with i ncreasi ng the value of pH, the Cd concentrations in 
the solution decreased due to increases in  hydro lysis, and adsorption densi ty 
(Al loway 1 990; US-EPA 2005) .  
The relashionship between the grain size and the analyzed metal can be examined 
from the values of analyzed metals showed in Appendix ( I I . 7 )  to ( I L 1 0) for the four 
dams and the values of the grain s ize analysis in Appendix ( I I .  1 1  ) and ( I I . 1 2 ) .  I t  can 
be revealed that the value of the analyzed metals increased with the increaseing the 
surface layer of sed iment, where the highest values presented in the sandy sediment 
samples for the i nvestigated sediment samples. F ine-grained sediments tend to have 
relatively high metal contents, due to the high specific surface of smaller part ic les. 
This  enrichment is mainly due to surface adsorption and ionic attract ion ( McCave, 
1 984; Horowitz and E lrick, 1 987).  
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It may be concluded that the concentrat ions of trace metal in the tudied area are 
control led almo t exc lu i ely by the mineralogy of the land deri ed fragments and the 
effect of human impact upon the absolute concentrat ion i minimal . The amples 
col lected from inve tigated sediment sample consist primari ly of ol ivine, erpent ine, 
pyroxene and amphibole that were deri ed most probably from nearly ophiolit ic 
e po ure . The man Mountain are mainly compo ed of less stable minerals uch as 
p ro. ene and o l iv ine .  The X-ray d iffraction patterns analyses support the results 
from chern ical anal e .  The ob el\fation of the mea urement concentrations values of 
ediment ample col lected from inve t igated dams compared with elemental 
background compo i t ion (Turekian and Wedepohl, 1 96 1 ; Mason, 1 966; Bown, 1 979 
and alomons and Forstner, 1 984) indicated that surface sediments were observed to 
be not contam inated with Cu, Zn, Cr, Pb and Cd, however, Cr observed to be s l ightly 
high in the northern region. 
6.2. S pati a l  Distri b ution of A n a l yzed Meta ls 
The v i  ual ization of spat ial  data i s  made by preparing distribution maps of heavy 
metal concentration in sediments and co-relation diagrams. These results highl ight the 
need for instituting a systematic and continuous monitoring of the study area for 
analyzed metals Cu, Zn, Cr, and Pb. The absent of Cd concentration from the spatial  
distribution maps due to zero value of cadmium concentration in the measured 
sedi ments col lected along the tested stations. 
6.2 . 1 . Cu, Zn, C r, and Pb in  AI-Shuwe i b  Dam 
I t  can be observed from F igure (6 . 1 )  that the elements of Pb and Cu in AI-Shuwieb 
dam displayed quite s imi lar h istogram of distributions. The Cr and Zn content 
increases from the bottom of the dam toward the north s ide, where a marked increase 
of Cr concentration is recorded near a road h ighway c lose to the dam. This can be 
explained due to extent of weathering process and transportation distance of the 
Ophiol it ic exposures from the Oman Mountains in the east s ide of the dam toward the 























































































































6.2 .2 .  C u ,  Zn,  C r, and Pb i n  AI-Bi h Dam 
From Figure (6 .2) ,  it can be ob erved that the r content showed the highest 
concentration alu comparing with the re t of considered elements . However, Zn is 
the econd highe t content in thi dam, whereas the Cu and Pb content displayed quite 
im i lar hi togram distribution in the dam . General ly, the metals contents are 
increa ing from the b ttom of the dam toward the north side where surrounded by 
mountains. The e metal are c lo ely assoc iated with ophiol i t ic rocks and therefore 
they are mainly deri ed from Ophiol i te of Oman Mountains. 
6.2.3. Cu, Zn, C r, and Pb in AI-Tawiyeen Dam 
From the di stribution of the analyzed metal in Figure (6.3 ), it can be observed that 
the Cu content showed the highest concentration values comparing with the rest of  
considered analyzed element , which could be derived from the ul tramafic igneous 
and metamorphic rocks exposed of ophiol i t ic  rock exposures. The Chromium content 
cons idered as the second highest e lement content in the dam with highest increase 
shown in station noA. The elements of Zn and Pb in the spatial  distribution map 
displayed quite s imi lar histogram. Most of the metals are i ncreasing from the bottom 
toward the western north s ide of the dam.  
6 .2 .4. C u ,  Zn,  C r, and Pb i n  Ham Dam 
B e ami ni ng F igure (6A), i t  can be observed that the Cr content showed the highest 
concentration values comparing with the rest of considered elements. The analyzed 
metals of Cu, Zn and Pb content displayed quite s im i lar histogram of distribution and 
sl ight i ncrease of Zn content in the bottom s ide of the dam . 
From the spatial distribution of analyzed metals of Cu, Cr, Pb and Zn in  the four 
selected dams, it can be revealed that the Cr and Zn are the main dominant e lements 
in AI-Shuweib and AI-Bih dams, whereas Cr is the main dominant e lement in Ham 
dam and Cu is the main dominant e lement in AI-Tawiyeen dam. 
Genera l ly, i t  can be observed from the spatial  distribution of analyzed metals that 
the concerned elements are present obviously in northern region of UAE as exami ned 
in AI-Bih,  A I-Tawiyeen and Ham dams, which are c lose to Oman Mountains where 
the Ie el of elements decreased in the eastern region as i n  AI-Shuweib dam, which i s  
open i n  desert area. This i s  might b e  related t o  several parameters such a s  size range 
in the source rocks,  extent of weathering, distance of transportation and the energy 
variation of the deposit ing agents. 
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F igure 6.2 .  Spatial d istribution of analyzed metals Cu, Zn, Cr and Pb concentrations in AI-Bih 
dam. 
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Figure 6 .3 .  Spatial d istribution of analyzed metals Cu, Zn, Cr and Pb concentrations in 
A I-Tawiyeen dam. 
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F igure 6 4 . Spatia l  d istribution of heavy metals Cu, Zn, Cr and Pb concentrations i n  Ham dam. 
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6.3. C o ntro l l i n g  Physico-C h e m i c a l  Para mete rs a n d  th e i r  I m pact on Meta l 
Distri b u ti o n  
Metal di  tribution depends on the characteristic of the sediments, corre ponds to 
the place of origin and as ociation with other pal1icle or compounds. To a sess the 
environmental beha ior and ecological risk of e lected trace elements in the 
ed iment , the good knowledge of certain sediments propertie : such as pH, IDS, 
carb nate content total organic matter, phosphours contents, and cation exchange 
capac it i required ( Forstner and Wittman, 1 983;  A l loway, 1 990; Szefer, et a i .  1 995 ;  
Loring et  a l . ,  1 992; hakrapani e t  a I . ,  1 993;  Gabler, 1 997; Izquierdo, e t  a l . ,  1 997; 
Patrick et al . ,  1 998; Wen et aI . ,  1 999; Bachmann et al . ,  200 1 ;  Zounnis, et aI . ,  200 1 ;  
Mori l lo ,  et al . ,  2002; Marti nez-Vi l legas, et a l . ,  2004 and Banat, et a l . ,  2005) .  The 
value of the average, range and standard deviation for the physico-chemical 
parameters in  ninety-three ediment samples col lected from the i nvestigated sites 
ere I i  ted in Table (6. 1 ) . 
6 .3. 1 .  Determi nation of pH 
The pH of sediments is  control led by many complex factors inc ludi ng microbiology, 
chemical buffering, hydrothermal activity and temperature. As such, pH is an 
e sential parameter in understanding biogeochemical processes, chemical fluxes and 
ediment digenesis .  Sediments general ly have pH values within the range of 4-8 .5 ,  
owing to  the buffering by alum inum at  the lower end and by CaC03 a t  the upper end 
of the range ( Wi ld, 1 988;  A l loway, 1 990). Brady ( 1 984) stated that the normal pH is  
5-7 in sedi ments of humid regions and pH 7-9 in  the sedi ments of arid regions. The 
pH alues i n  investigated dams (Table 6 . 1 )  ranged from 7 .2  to 8 .6 with an average 
alue of 7 .8  in AI-Shuwieb dam, and in AI-Bih dam it ranges from 6.9 to 8 . 1 with an 
average of 7 .4 .  Whereas in A I-Tawiyeen dam the pH values ranged from 7.3 to 7 .8  
with an average of 7 .5 ,  and Ham dam ranged from 7.2 to 7 .8  with an average of 7.4.  I t  
can revealed that the sediments in the four selected dams are alkal ine in  nature due to 
CaC03 content which is not leached through the sediments because of the l im ited 
rainfa l l  in the country. The sedi ments in UAE usua l ly alkal ine when pH is more than 
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Figure 6 5. Geochemical maps of pH measured in sed iments samples of the four  dams. 
The geochemical maps of pH distribution in  col lected sedi ment samples of the 
four dams as presented in Figure (6.5 ), showed that the pH values in AI-Shuweib dam 
increase from the east s ide toward the north side near the dam, whereas the rest of the 
dams i ts increase in the center of the darn . The pair wise correlations coeffic ients 
anlysis  of the pH value with the analyzed metals in  i nvestigated darns are l isted i n  
Tables (6.2 - 6.5) .  I t  can revealed that the p H  values has a negative correlation with 
the most analyzed metals, except a weak posit ive correlation with Cr in  AI-Shuweib 
and AI-Tawiyeen dams, which seems that there i s  no effect of pH on the distribution 
of the analyzed metals .  This  m ight be ascribed to the alkal ine nature of the 
i nvestigated sedi ments samples where the most of trace metals occur in  ac idic nature 
(Al loway 1 990). By i l l ustrating the relationship between the pH values and analyzed 
metals in F igure (6.6) ,  it can be observed that most of the metals concentrated in the 
pH values ranged from 7 .0  to 8 .6. There is a s l ight increasing in the Cr trend with the 
increasing of pH values i n  AI-Shuweib and AI-Tawiyeen dams, where i s  no effect of 
pH values on the rest of  analyzed metals .  
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Figure 6 .6 .  Relationship betweem the pH values and the  analyzed metals in investigated dams. 
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6.3 .2 .  Total dissolved solids content (TOS) 
The TD value in ediment col lected from 1 - huweib dam (Table 6. 1 )  range from 
1 04 .3  to 6 1 0.6 ppm with an a erage of 227. 1 ppm. The observation of low measuring 
alues of TO could be due to the characteristic of the sediments and grain size, 
which i gravely and, s i l ty sand and andy gravel .  This type of sediments accelerates 
the filtrat i n proce , thu decreases the pounding water, and consequently decreases 
the ediment TO value. M reover, the amount of the rain in the open desert area i 
rare I , which reduce the e aporation proce s. From the mea ured data among the 
inve tigated area , it can be revealed that the TDS values in the northern region of 
AE are higher compared with eastern region. The values of TDS in the sediment 
ample col lected from AI-Bih dam ranged from 246.8 to 1 8 1 3 .8 ppm with an average 
of 744.5  ppm and in AI -Tawiyeen dam ranged from 1 83 to 935 ppm with an average 
of 564 .9 ppm, while in Ham dam the values of TDS ranged from 1 90. 1 to 447.2 ppm 
\'vith an a erage of 337 .8  ppm . This increase of TDS values could be explained by 
high amount of the rain during the year in the n0l1hem region, which is c lose to Oman 
Mountain . The sedimentological analyses support this explanation, where the sandy 
si lty sand grain s ize and c lay minerals are more presented in northern region, which 
reduce the fi ltration process and increase the evaporation process of the rainwater. 
The disp lay of TDS values in geochemical map ( Figure 6 .7)  showed that the 
high range of TDS values distributed is concentrated in the southwest s ide of AI-Bih 
dam and decreased toward the north where the rain water is remain near the dam 
(Figure 1 .3 ) .  In A I-Tawiyeen dam, the value of TDS concentrated in the northern side 
and reduced near the dam side as also the rain water remain c loser to the dam (Figure 
1 .4) .  Whereas, in Ham dam, the measured values of TDS presented in the bottom side 
and in AI-Shuwieb dam increase from the east s ide and decreased in the west s ide 
clo er to the dam. 
I n  Figure (6 .8) ,  the relationship between the TDS values and pH values of the 
sedi ments samples col lected from the investigated dams has been plotted to examine 
the effect of each other. I t  can be observed that there is a c lear decreasing of the TDS 
values with the increasing of the pH values in  all investigated s ites, which seems that 
there is an effect of pH on the distribution of TDS values in the measured samples. 
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In able (6.2 - 6 .5 )  pair wi e correlations coeffic ient analysis has been applied 
on the value of the TD mea ured in sediments samples to examine the effect of the 
TD parameter on the distrubi ton of the analyzed metals .  I t  revealed that there is a 
eak positi e correlation with most of measured metals in the investigated samples, 
which indicate that there is a sl ight TD effect on the distribution of these metals .  By 
pi loting the relation hip f TDS values with anal zed metals in Figure (6 .9), it can 
i l lu  trate that most of the metals concentrated in the range of 1 00 - 500 ppm in al l  
in e t igated dam e cept in Al-Bih dam, which has the highest TDS content. There is  
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Figure 6.7.  Geochemical maps of TDS measured in sediments samples of the investigated dams. 
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Figure 6.9. Relationship betweem the TDS values and the analyzed metals in  inves igated dams. 
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6.3 .3 .  Total carbonate content (C03%) 
arbonate occur as a major component in the fine-grained fract ion of sediments 
( " r  tner and Wittman, 1 983) .  The carbonate content in the sediments of Al-Shuweib 
dam ranged from 1 2 . 1 %  to 27.4% ith an average of 1 9 .2%, in AI-Bih dam ranged 
from 23 .4% to 49.3% with an average of 32.6% whereas, in AI-Tawiyeen ranged 
[rom 24.2% to 3 7.3% with an average of 28. 1 %, and from 1 2 . 1 %  to 2 1 .9% ith an 
average of 1 6.8% in Ham dam as l i sted in Table (6. 1 ) . General ly, the percentage of 
calcium carbonate (Ca OJ ) content is very high in UAE and ranges between 25-40% 
(AI-Bar hmgy. 2007) mainly due to the natural carbonate based l i thological 
formation. For example, Al -Belushi ( 1 998) mentioned that the aeol ian carbonate 
particle are presumed to ha e been derived during former high lat itude glac iations 
from an expo ed sha l low ea floor beyond the present Oman coast. The calc ium 
carbonate content can be derived as calstics of pre-existing l imestones, such as in  AI-
huweib dam, reprecipitated as surface sediments due to evaporation of bicarbonate­
rich groundwater, and broken calcareous shel ls especial ly in sediments along the 
land tretch of Oman Mountains in AI-B ih, Al-Tawiyeen and Ham dams.  
From the geochem ical map in  F igure (6 .7)  for the (CaCOJ) content, i t  can 
observe that Al-Bih dam has the h ighest of (CaC03) content and increase in the east 
ide of the dam. Whereas, in Al-Shuweib dam the (CaC03) content distribution 
increase around the dam and concentrated near the dam. In Al-Tawiyeen the (CaCOJ) 
content increase in  the east s ide and in Ham dam i t  concentrated in the west s ide of 
the dam. 
The pair wise correlations coefficient analysis of (CaC03) values l isted in  Tables 
(6 .2 - 6 .5) .  The correlations showed a negative correlation with all analyzed metals in  
i nve t igated dams except a very weak posit ive corre lation of Pb in  Al-Shuweib 
sedi ment samples, which can be conc luded that there i s  no effect of CaCOJ on the 
d istribution of the analyzed metals .  The result of the correlations analysis can be 
supported by plott ing the relationshi p  between the CaC03 and the analyzed metals in  
F igure (6 . 1 1 ) . I t  can i l lustrate that the analyzed metals in  Al-Shuweib and Ham dams 
concentrate between 1 0  % - 25 %, whereas in Al-Bih and Al-Tawiyeen dams, i t  is 
above 25%, and there is no s ign ificant effect of the CaC03 content on the distribution 
trend of the analyzed metals . 
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Figure 6 . 1 0. Geochemical maps of (C03%) measured in sediments samples of the investigated dams. 
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Figure 6 . 1 1 .  Relationship betweem the (C03%) values and the analyzed metals in investigated dams. 
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6.3.4. Total organic matter content (TOM %) 
rganic matler contribute t the ph ical c ndit i  n of ediments b holding moi ture 
and by a fTect ing tructure . [t i a direct ource of plant nutrient e lement and the 
relea e f which depend upon m icrobial a t ivit  and the rganic matter i dircctl 
In Ived in the a'vai labi l i t  f nutrient e lement due to the effect of cati n exchange 
apac i t) . II il and edimcnt contain organic matter, although the amount and the 
type maybe \at con iderabl ( l lowa) 1 990). The organic matter content i 
determined to a e th pia cd r Ie of rganic fact i  n of sediment in the tran port 
dep i t i  n and retention of trace metals ( Loring and Rantal ia 1 992) .  The percentage 
of total organ ic mattcr of 1- huv e ib dam rang d from 0.2% to 6.3% with an average 
of 2.2% . Whcrea in I -Bih dam rang d from 2.5% t 7 .4% with an average of 5 .0%, 
m re ver. 111 l -Ta\\ iyeen dam the TOM% ranged from 3 .8% to 7.3% with an 
average of 5 .4°'0. and from 2.3% to 7.0%, with the average of 4 .6% in Ham dam 
( fable 6. 1 ) . The percentage of organic ubstance in AE ediment i very low due to 
h t c l imate and quick decomposit ion of organic ub tance (Al-Barshmgy, 2007). 
The di  play of T M alue in geochemical map ( Figure 6. 1 2) howed the 
highe t di tribution of the TOM content in Al- huwieb dam in the center of the dam 
v" herea . in l -Bih dam and Al-Tawiyeen dam it increa e in the northern s ide of the 
dam .  10reover, in Ham dam most of the TOM alue concentrated along the dam 
id 
Table (6.2 - 6.5)  howed the pair wi e cOlTelation coefficient analysis of the 
T M values with the analyz d metals in  the investigated dams. It can revealed that 
there i a posi t i  e cOlTelations coeffic ient of TOM values with mo t analyzed metals 
among the dam ample , which indicate that there i s  a TOM effect on the distribution 
of the e metals .  Thi re ult can be observed c learly from the relationship between the 
parameter and the analyzed metals in F igure (6. 1 3 ). The Zn and Pb showed increasing 
trend in  a l l  investigated dams, whereas the Cr increase in Al -Bih dam and has no 
effect i n  other i nve t igated dams. The Copper increased in AI-Shuweib and AI-Bih 
dam whereas, there is no effect in  both Al-Tawiyeen and Ham dams. 
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6.3 .5. Tota l phosphate ( P20S %) 
Ph ph ru' occur in ediment 111 organic and inorganic form and the relati e 
proportion of \,: hich ary v i th organic matter c ntent but u ual ly the organic form 
pred minated. Thc clement tend to accumulate in the finer fraction of ediment and 
thu increa e a the c lay contcnt increa e ( I  [e e, 1 972; on-i h and Ro er, 1 9  3) .  
rhe P2  5 C ntent in 1- hu e ib dam (Table 6. 1 ), ranged from 1 . 1 %  to 5 .9% with an 
average f 2 .5%, and ranged from 2.2% to 5 .6% with an average of 4.3% in AI-Bih 
dam . fhe P20S % value for l -Ta\': i een dam ranged from 4 .8% to % 1 1 .4 with an 
average of 0/08 .9 and fr m 2.  % t 8 .3% \,: ith an a erage of 5 . 53% in Ham dam . The 
deticient content of P2 S in  the ediment amples from the invest igated dams would 
be related to inorganic pho phate v hich occur mainly a apatite (calc ium phosphate), 
which di I e under ac idic medium, hence plant can not uptake pho phates when 
ediment water i alkal ine. 
From the geochemical map of P20s in Figure (6. 1 4), i t  abo erved that the 
di tributi n of pho phate content concentrated in the northern ide of AI-Bih,  Al­
Tawi een and Ham dam wherea , in AI- huwieb dam the P20S increased in the east 
ide of the dam and concentrated in the m iddle of the dam. The pair wise con-elation 
of P20S values Ii ted in the Tables (6.2 - 6 .5 )  and showed a positive con-elation with 
the mo t anal zed metal in a l l  inve t igated dams except the Cr in both Al-Tawiyeen 
and Ham dams and Cu in AI-Tawiyeen dam, which showed a negative con-elation. 
The po itive correlation i ndicates that there i s  a P20s effect on the d istribution of 
the e metal , hich i observed c learly in  the relation hip plotted in F igure (6. 1 5 ) 
where mo t o f  the metal howed increasi ng in  trend with the increa i ng of P20S value 
except the Cr in  both 1-Tawiyeen and Ham dams. 
6.3 .6 .  Cation exchange capacity (CEC )  
Cation exchange capacity can be defined a s  the sum of the exchangeable cations that a 
mineral can adsorb at peci fic pH.  I t  i s  determined by relative amount of different 
col loid in sediment ( Forstner and Wi ttmann, 1 983 '  Loring and Rantala 1 992).  The 
CEC in AI-Shuweib dam varied from 9 . 1 to 7 1 .2 meg/ l OOg with an average of 29. 1 
meg/ l OOg; and ranges in  AI-Bih dam from 20.9 to 72.5 meg/ l OOg with an average of 
49.0 meg/ I OOg, in  A I-Tawiyeen dam from 1 6 .6  to 82 .3 meg/ l OOg with an average of 
5 7.9  meg/ l OOg, and in  Ham dam varied from 20 .0 to 85 .4  meg/ l OOg with an average 
of 45 .0  meg/ l OOg as l isted i n  Table (6. 1 ) . 
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Figure 6 1 4 .  Geochemical maps of (P20S%) measured in sediments samples of the investigated dams. 
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1 0 1  
[he E alue along the te ted tation in the in e t igated dam ediment 
ha a I \v alu , which may be related t the Ie abundance of TOM content a 
Brad and Wei l (200 1 )  ugge ted that the increa e .. ith increa ing pH, TOM 
and calC ium content. 
1 he di play of E alue In  geochem ical map (Figure 6. 1 6) howed the 
highe t di tributi n [ the E c ntent in 1-Tawiyeen dam and increa e in the 
northern ide of the dam where the rain ater remain ( F igure 1 .4) .  In Ham dam, the 
value of increa cd in the \ e t ide o[  the dam wherea , the value of the E in 
1-. hU\\ieb and I-Bih oncentrated in the ea t ide of the dam . The pair wi e 
correlation c effic ient analysi of  the C alue with the analyzed metals in the 
inve tigated dam Ii ted in Table (6.2 - 6.5) .  It can re ealed that there is a po iti e 
correlati n coeffic ient f C alues with mo t analyzed metal among the dams 
ample , which indicate that there i a CEC effect on the distribution of these metal . 
[hi re ult can be ob erv d c lear! from the relationship between the parameter and 
the analyzed metal in Figure (6 . 1 7 ) .  The r showed no effect trend in both AI­
Tawiyeen and Ham dams, wherea the Pb sho\ ed no effect in Ham dam . 
From the ph s ico-chemical analysis of the ediments samples col lected from 
the in e t igated dam , i t  can uggest that the sediment of Ham dam is the most 
uitable ediment for agriculture purposes due of i t ' s  higher value of Total organic 
content and the pre ent of c lay menials as a re ult of sedimentological analysis. 
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Figure 6 . 1 6. Geochemical maps of (CEC) measured in sediments samples of the investigated dams. 
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Figure 6 . 1 7 .  Relationship betweem the (CEC) values and the analyzed metals in investigated dams. 
1 04 
Table 6 2  Pair wise correlation between the heavy metals (Cu,  Zn, Cd, Cr and Pb) with the 
pol lut ion control l ing parameters (pH,  TDS, CaC03, TOM, P205 and C EC) for AI 
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Table 6 3 Pair wise correlation between the heavy metals (Cu,  Zn,  Cd ,  Cr  and Pb) with the 
pollution control l ing parameters (pH,  TDS, Ca C03, TOM, P205 and CEC) for AI 
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Table 6 4 Pair wise correlation between the heavy metals (Cu, Zn,  Cd, C r  and Pb) with 
the pollution control l ing parameters (pH,  TDS, Ca C03, TOM, P205 and CEC) 
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Table 6 5  Pair wise correlation between the heavy metals (Cu ,  Zn,  Cd, Cr  and Pb) with the 
pollution control l ing parameters (pH,  TDS, Ca C03 , TOM, P205 and C EC) for Ham 
dam H Ham 
P "";St1 CorrelatJons 
Va ble by Vanable Correla�on Count Signl! Prob I 8 · 8 · 4 · 2 0 2 4 6 8 I 
AIIH pHIH -0 1 932 18 0 4425 
AIIH TDSIH 0 2260 1 8  0 3672 
AIIH C03IH 0 4356 1 8  0 0708 
r:- I 1 I I A1iH TOMIH 0 7548 1 8  0 0003 I AIIH P20SIH 0 7602 1 8  0 0003 
AIIH CECIH 0 0241 18 0 9245 
Cu/H pHIH -0 1 093 1 8  0 6660 
CuIH TDSIH -0 0866 1 8  0 7326 
I I I � 
CuIH C031H 0 21 22 1 8  0 3979 
CuIH TOMIH 0 1 6 1 3  1 8  0 5225 
CuIH P20SIH 0 0531 1 8  0 8341 
CuIH CECiH 0 32 1 0  1 8  0 1 941 
CuIH AIIH 0 1 263 1 8  0 6 1 76 
FeIH pHIH -0 4495 1 8  0 06 1 3  
rr= 
� I 
FelH TDSIH 0 5333 1 8  0 0227 I 
FeIH C03IH -0 7968 1 8  0 0001 
FelH TOM-H 0 3857 1 8  0 1 1 39 II 
FeIH P2051H 0 4356 1 8  0 0708 I 
FeIH CECIH -0 2098 1 8  0 4034 
FeIH AIIH 0 3043 1 8  0 2195 
FelH CuIH 0 3439 1 8  0 1 624 4 
ZnIH pHIH -0 3237 1 8  0 1 900 
ZnIH TDSIH 0 0532 1 8  0 8339 
ZnIH C031H -0 0605 1 8  0 81 1 5  
Lr-] 
r 
ZnIH TOMIH 0 4531 18 0 0590 I 
ZnIH P20SIH 0 2578 1 8  0 30 1 8  
ZnIH CECIH 0 0943 1 8  0 7097 
ZnIH AIIH 0 2743 1 8  0 2706 
ZnIH CuIH 0 0532 1 8  0 8338 � 
ZnIH FelH 0 4141  18 0 0876 
CdlH pHIH -0 1 956 1 8  0 4368 
CdlH TDSIH 0 3746 1 8  0 1 256 1 
CdlH C03IH -0 5 1 65 1 8  0 0282 I 
CdIH TOMIH 0 0743 1 8  0 7696 
CdIH P2051H 0 0386 1 8  0 8792 
� 
CdlH CECIH -0 3594 1 8  0 1 430 I l 
CdlH AIIH 0 1 1 79 1 8  0 64 1 2  I 
CdIH CuIH 0 3998 1 8  0 1 002 
CdIH FeIH 0 6067 1 8  0 0076 
CdIH ZnIH -0 0614 18 0 8089 
CrlH pHIH -0 2328 1 8  0 3526 
CrlH TDSIH 0 01 1 4  1 8  0 9643 
CrlH C03IH -0 3306 1 8  0 1 803 
CrlH TOMIH -0 2 1 38 1 8  0.3942 
CrlH P20SIH -0 5674 1 8  0 01 41 
CrlH CECIH -0 4030 1 8  0 0973 
CrlH AIIH -0 3356 1 8  0 1 733 
CrlH CuIH 0 31 69 1 8  0 2001 
CrlH FeIH 0 3977 1 8  0 1 021 
CrlH ZnIH 0 0890 1 8  0 7256 
CrlH CdIH 0 5462 1 8  0 0190 
PblH pHIH -0 1620 1 8  0 5207 
PbIH TDSIH 0 4956 1 8  0 0365 
e c;= i I j ! 
I l j I I I 
PblH C03IH -0 4735 1 8  0 0472 I 
PbIH TOMIH 0 67 1 6  1 8  0 0023 I 
PbIH P2051H 0 6483 1 8  0 0000 I 
PblH CECIH -0 0 1 97 1 8  0 9383 
PblH AIIH 0 53 1 0  1 8  0 0234 J 
PblH CuIH -0 0908 1 8  0 7202 l 
PblH FeIH 0 41 38 1 8  0 0878 
PbIH ZnIH 0 1 1 75 1 8  0.6423 � 
PblH CdIH 0 0443 1 8  0 86 1 3  
PbIH CrlH -0 4897 1 8  0 0391 I ----
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6.4.  E n ri c h ment Factor ( E F )  Va l u e  fo r the Tested Meta l s  
Enrichm ent Factors ( F) ,  are commonly determ ined to  characterize the magnitude of  
metal contamination in  environment samples and to  determine the degree of  
sedimentation a wel l  (Lee, e t  a I . ,  1 998; H uang and Lin 2003;  Woitke e t  al . 2003 
and Senol Kartal et a I . ,  2006) . However, composition of sediment is modified by 
contributions from various man-made ources (Nolt ing et a I . ,  1 999 and Chatterjee, et 
a I . ,  2007). The degree of the modificat ion in the chemical composit ion of sediments 
may be di fferent at each ampl ing point due to di fferent magnitude of source 
contribution at each tation ( tgm, et a I . ,  2000) .  
General l  , EF values les than 1 0 .0 are not considered signi ficant, s ince such 
smal l enrichments may arise from differences in the composit ion of local sediments 
material and reference sediments used in EF calculat ions . An enrichment factor 
technique is used in the area of atmospheric aeroso ls (Glil lu, et a i . ,  1 998 and Odaba�l, 
et a ! . ,  2002), sedi ments (Ergin, et a I . ,  1 99 1  and Teksoz, et aI . ,  1 99 1 ;  Sanin, et a I . ,  
1 992; Atgl ll, et aL 2000. ; Rubio, et a i . ,  2000; Obiaj unwa, et a i . ,  2002; Selvaraj , et a l . ,  
2004; Conrad and Chi sholm-Brause 2004; and Bergamaschi,  et a I . ,  2002), and sol id 
wastes (Obiajunwa, et a ! . ,  2002' Wen-hua, 2005 and Hakan Pekey 2006). Value of 
the enrichment factor (EF) was calculated using the formula ( Banat, et ai . ,  2005) :  
Cn EF = - . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Eq. (6 . 1 ) En 
Where Cn (sample) is the content of the examined element in the examined 
environment and En (background) is the content of the examined e lement in the 
environment ( B  anat , et a I . ,  2005 and Wen-hua, 2005) .  According to Sutherland 
(2000), contamination categories are general ly recognized on the basis  of the 
enrichment factor l i sted i n  Table (6.6).  









Des ignation of sediment qual ity 
No enrichment 
Deficiency to mineral enrichment 
Moderate enrichment 
Significant enrichment 
Very high enrichment 
Extremely high enrichment 
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The EF and a erage concentrations of analyzed metals in ediment samples were 
I i  ted in Table (6 .7)  for Al- huweib dam ; Table (6 .8)  for AI-Bih dam '  Table (6.9) for 
AI-Tawiyeen dam ' and Table (6. 1 0) for Ham dam . The concentrations of analyzed 
metal in the ediment amples for the investigated dams almost low and are sim i lar 
to those of the a erage earth crust The EF of these analyzed metals is  less then one, 
which general ly re flects their natural background values in shale. 
Table 6 7  Background, average concentration and enrichment factor of AI-Shuweib  dam. 
Heavy Average' AverageD Enrichment Pollution 
Metal Shale value Cla:t fractions Factor (EF} Intensit:t 
Cd 0.3 0 < 1 No enrichment 
Cr 90.0 0.3 < 1 No enrichment 
Cu 45.0 0.03 < 1 No enrichment 
Zn 95.0 0.09 < 1 No enrichment 
Pb 20.0 0.02 < 1 No enrichment 
Fe 47200 4 1 .0 < 1 No enrichment 
AI BOOOO 23.6 < 1 No enrichment 
a b Shale and average values given in ppm. Background values taken from K . K. Turkian and K.H . Wedepohl ( 1 96 1 ) .  
Table 6.8 .  Background,  average concentration and enrichment factor of AI -B ih dam. 
Heavy Average' AverageD Enrichment Pollution 
Metal Shale value Cla:t fractions Factor (EF) Intensit:t 
Cd 0.3 0 < 1 No enrichment 
Cr 90.0 0. 1 6  < 1 No enrichment 
Cu 45.0 0 .03 < 1 No enrichment 
Zn 95.0 0 . 1 < 1 No enrichment 
Pb 20.0 0.04 < 1 No enrichment 
Fe 47200 44 . 1  < 1 No enrichment 
AI BOOOO 26.B < 1 No enrichment 
a b Shale and average values given in ppm. Background values taken from K K  Turkian and K.H.  Wedepohl ( 1 96 1 ). 
Table 6.9 .  Background, average concentration and enrichment factor of AI-Tawiyeen dam . 
Heavy Average" AverageD Enrichment Pollution 
Metal Shale value Cla:t fractions Factor (EF} Intensit:t 
Cd 0.3 0.0003 < 1 No enrichment 
Cr 90.0 0.3 < 1 No enrichment 
Cu 45.0 0.09 < 1 No enrichment 
Zn 95.0 0.23 < 1 No enrichment 
Pb 20.0 0.04 < 1 No enrichment 
Fe 47200 64.7 < 1 No enrichment 
AI BOOOO 2B.B < 1 No enrichment 
a b Shale and average values given in ppm. Background values taken from K K  Turkian and K.H. Wedepohl ( 1 961 ) .  
Table 6. 1 0. Background, average concentration and enrichment factor of Ham dam . 
Heavy Average' 








a b Shale and average values given in ppm. 
AverageD Enrichment Pollution 
Clay fractions Factor (EF) Intensity 
0 .0004 < 1 No enrichment 
0 .B9 < 1 No enrichment 
0 . 1 3 < 1 No enrichment 
0 . 1 7 < 1 No enrichment 
0 .03 < 1 No enrichment 
73.3 < 1 No enrichment 
2B. 1  < 1 No enrichment 
Background values taken from K K  Turkian and K.H. Wedepohl ( 1 96 1 ). 
1 1 0 
6 . 5 .  I -geo acc u m u lation fo r the tested meta l s  
l o a e . the e tent f p l lution, man attempt were made to ideal ize formula 
re lating the content of trace metal in ediment ample . Man of the e formula ha e 
multi  ariable related to variati n f trace metal content in sediment including 
l i thologic unit , hydrologic effect. geologic feature, phy i -chemical characteri tic of 
ediment and egetati n co er ( J  lay ke and Webb, 1 962; Dahlberg, 1 968; Muel ler, 
1 969: For tner and Wittman, 1 98 and i tekim et. a! . ,  1 993) .  According to Mul ler 
( 1 969), Mul ler ( 1 979), For tner ( 1 989) and tekim et. a ! . ,  ( 1 993),  inde of 
geoaccumulation ( Igco) it would be l i kely to e timate the extent of pol lution in the 
ediment . [he I gco alue l' r the metal tudied were calculated by comput ing the 
ba e 2 logarithm u ing the Mul ler' ( 1 979) expre ion: ( en )  Igeo - log) 1 . 5Bn . . . . . . . . . . . . . . . . . . . . . . . . . . .  Eg. (6.2) 
Where en i the mea ured total concentrat ions of analyzed metal " n" in the 
ediment and Bn i the average (crystal )  concentration of element "n" in the shale 
(background), and 1 . 5 i the factor compen ating the background data (correction 
factor) due to l i thogenic effect . The analyzed metal pol lution levels  are mea ured 
u ing thi index ( Igeo), " hich con ist  of  seven grades :  0-6. The highest grade, 6, 
reflect a 1 00-fold metal concentrat ion relative to background value (Table. 6 . 1 1 ) . 
The geoaccumulation index ( Igeo) values of AI ,  Fe, Cu, Cd, Cr, Pb, and Zn in the 
analy ed ediment y ere l i  ted in  Table (6 . 1 2) for Al- huweib dam ' Table (6. 1 3 ) for 
I -B ih dam; Table (6 . 1 4) for A l-Tawiyeen dam and Table (6. 1 5 ) for Ham dam . The 
elected trace metals  sho ( lgeo) cla s zero in the sediment ample which may be 
de cribed a uncontaminated y ith re pect to the e metals .  
Table 6 1 1  Measurements of  I ndex of  geoaccumulatin for metal pollution i n  soils and 
sed iments (Mu l ler, 1 969; Ntekim ,  et a I . ,  1 993). 
I ndex of 
geoaccumulation 
I -geo class Des ignation of sediment qual ity 
5-1 0  6 Extremely contaminated 
4-5 5 Strong ly/extremely contaminated 
3-4 4 Strongly contaminated 
2-3 3 Moderately/Strongly contaminated 
2-1 2 Moderately contaminated 
0-1 Uncontaminated/Moderately contaminated 
0 0 Uncontaminated 
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Table 6 1 2 Measure of the metals pol lution Intensity In sed iments of AI-Shuwelb dam 
Heavy Average Average I -geo I-geo Pol lut ion 
Metal Shale value Cia fractions  value rade I ntensit  
Cd  0 3  0 < 0  0 Uncontaminated 
C r  90 0 0.3 < 0  0 Uncontaminated 
C u  45 0 0 03 < 0  0 Uncontaminated 
Zn  95 0 0 .09 < 0  0 Uncontaminated 
Pb  20 0 0.02 < 0  0 Uncontaminated 
Fe 47200 41 0 < 0  0 Uncontaminated 
AI 80000 23.6 < 0  0 Uncontaminated 
• b Shale and average values given In ppm Background values taken (rom K K  Turkian and K. H Wedepohl ( 1 96 1 )  
Table 6 1 3 Measure of the metals pol lut ion Intensity in sed iments of AI-Bih dam 
Heavy Average Average I -geo I -geo Pol lut ion 
Metal S hale value Cia fractions  va lue rade I nten sit 
Cd 0 .3  0 < 0  0 Uncontaminated 
C r  90 0 0 1 6 < 0  0 Uncontaminated 
Cu  45 0 0 03 < 0  0 Uncontaminated 
Zn 95 0 0 . 1  < 0  0 Uncontaminated 
Pb  20 0 0.036 < 0  0 Uncontaminated 
Fe 47200 44 . 1  < 0  0 Uncontaminated 
AI 80000 26.8 < 0  0 Uncontaminated 
• b S hale and average values given In ppm Background values taken (rom K K Turkian and K H Wedepohl ( 1 96 1 )  
Table 6 1 4. Measure of  the metals pollution intensity in sed iments of  AI-Tawiyeen dam 
Heavy Average Average I -geo I-geo Pol lut ion 
Metal Sha le  value C la:r: fractio n s  value grade I ntens it:r: 
Cd  0 3  0 0003 < 0  0 Uncontaminated 
C r  90.0 0 .3 1  < 0  0 Uncontaminated 
Cu  45.0 0.09 < 0  0 Uncontaminated 
Zn 95.0 0.23 < 0  0 Uncontaminated 
P b  20.0 0.037 < 0  0 Uncontaminated 
Fe 47200 64.7 < 0  0 Uncontaminated 
AI 80000 28.8 < 0  0 Uncontaminated 
• b Shale and average values given In ppm Background values taken (rom K K Turklan and K H Wedepohl ( 1 96 1 )  
Table 6 1 5. Measure of  the  metals pol lution Intensity in sed iments of  Ham dam. 
Heavy Average Average I -geo I -geo Pol lution 
Metal Sha le  value C la:r: fractio n s  value grade Intensit:r: 
Cd  0.3 0.0004 < 0  0 Uncontaminated 
C r  90 0 0.89 < 0  0 Uncontaminated 
Cu  45.0 0 . 1 3  < 0  0 Uncontaminated 
Zn 95.0 0 . 1 7  < 0  0 Uncontaminated 
Pb  20.0 0.029 < 0  0 Uncontaminated 
Fe 47200 73.3 < 0  1 Uncontaminated 
A I  80000 28. 1  < 0  0 Uncontaminated 
• b Shale and average values given In ppm Background values taken from K K Turkian and K H Wedepohl ( 1 96 1 )  
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6 . 6 .  Co mparison of the meta l contents a mo n g  the d iffe re nt  dams 
The normal i ty of the data needs to be determ ined before se lect ing the proper statical 
procedures to accomplish the comparison. The test of  normal i ty of the concentration 
of element in 1- huweib, AI-Bih, AI-Tawiyeen and Ham dams are l isted in 
ppendi ( I I . 1 3) to ( I I . l 9) and iUu trated as histograms in  Appandices ( IV .  1 -7) .  The 
Ko1mogorov-Smirno te t wa used to check the (p-values = a) which showed that 
the recorded values for the most metal in each dams are <a, (a=0.05),  this means that 
the mea ured concentration of each metals i n  the investigated dams are not normally 
distributed . In thi case the Kruskal-Wal l is test was applied to check the mean 
differences of measured concentration among the investigated dams ( Bass, 2005) .  The 
hypo the is used i the concentrations of each metal among the four invest igated dams 
are equal .  Appendix ( I I .20) to ( 1 I .26) show p-value =zero, which is <a, (a=0.05) 
therefore, the hypothesis i s  wrong and there i s  enough evidence exists to conc lude that 
there is a significant d ifferences in distribution of concentration elements among 
investigated dam s .  
The p - alue calculated from Kruskal-Wal l i s  test can not te l l  u s  which dams i s  
different from others in this case mult iple comparison tests Tukey's  Honestly 
S ignificant Difference (Tukey ' s  H S D),  used to check the d ifference between dams for 
the considered metals. The i nterpretation of the Confidence Interval values l isted in  
Appendix  ( I I .27), conc luded that the mean difference of (AI)  concentration in  samples 
col lected from AI-Bih dam is less than Ham and AI-Tawiyeen dam, whereas, i t  is 
greater than AI-Shuweib dam. Whi le ,  the values of Ham dam is  higher than AI­
Shuweib dam and equal with AI-Tawiyeen dam .  Moreover, the mean difference of 
(Al) concentration values i n  AI-Shuwieb dam is  less than AI-Tawiyeen dam . 
From Appendix  ( I I .28)  we concl uded that the mean d ifference of measured 
concentration of (Fe) in sediments samples col lected from AI-Bih dam i s  less than 
Ham and AI-Tawiyeen dams, and equal with AI-Shuweib dam. Whereas, in Ham dam 
the mean d ifferences is greater than A I-Shuweib dam and equal with AI-Tawiyeen 
dam. In addtion, the mean difference of AI-Shuweib dam is less than AI-Tawiyeen 
dam. 
The mult i -comparisons values l i sted in  Appendix  ( I I .29), between the four 
invest igated dams indicate that the mean d ifference of (Cd) measured concentration i n  
AI-Bib dam i s  less than Ham, whereas, i t  i s  equal with AI-Shuweib dam and Al­
Tawiyeen dam. I n  Ham dam, the mean difference of (Cd) concentration i s  greater 
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than 1 - hm eib dam and equal with 1 -Tawiyeen dam. Moreover, the mean 
di fference of d concentration in AI-Shuweib dam i equal with AI-Tawiyeen dam. 
The mean di fference of ( r) mea ured concentration in in estigated dams l isted in 
Appendix ( I I . 30), conc lude that the AI-Bih dam has less mean differences values of 
(Cr) than I Iam and AI-Ta iyeen, and Al- huweib dams, whereas, the mean 
di fference of Ham dam i greater than AI- huweib and I-Tawiyeen dams.  Moreover, 
the mean difference of 1- huweib dam i equal with I-Tawiyeen dam . 
The interpretation of Confidence Interval of  the mean difference of (Cu) 
mea ured concentration l isted in Appendix ( I 1 . 3 1 ), which conc luded that the values of 
measured concentration of (Cu) in  AI-Bih dam is less than Ham and AI-Tawiyeen 
dam , and equal with 1- huweib dam . Whereas in Ham dam the mean difference is 
greater than l-Shuweib dam and equal with AI-Tawiyeen dam. In addition, the mean 
d ifference of l-Shuweib dam is less than AI -Tawiyeen dam . 
Moreover, From Appendix ( I I .32), it is conc luded that the mean difference of 
measured concentration of (Pb) in samples col lected from AI-Bih dam is greater than 
Ham and AI-Shuweib dams, and equal with AI-Tawiyeen dam. I n  Ham dam, the mean 
difference i greater than Al-Shuweib dam and less than AI-Tawiyeen dam, whereas, 
the mean d ifference of Pb in AI-Shuweib dam is less than AI-Tawiyeen dam. As wel l  
as, from Appendix ( I I .3 3 ), the interpretat ion o f  Confidence Interval values o f  (Zn) 
measured concentrat ion in investigated dams showed that the mean d ifference of (Zn) 
concentration in samples col lected from AI-Bih dam is less than Ham and AI­
Tawiyeen dams, and greater than AI-Shuweib dam. Whereas, in Ham dam the mean 
d ifference is greater than Al-Shuweib dam and equal with AI -Tawiyeen dam. 
Moreo er, the mean difference of AI-Shuweib dam is less than AI-Tawiyeen dam . 
I t  can be conclude that there is a significant d ifference in distribution of measured 
concentrations among invest igated dams for the selected metals .  From the stat ical 
comparison, i t  can be revealed that the highest measured concentrations for the most 
metals presented in Ham dam. These metals are c losely associated with ophiolitic 
rocks and therefore they are mainly derived from Ophiol i te of Oman Mountains. On 
the other hand, the lowest measured concentrations for the metals found in AI­
Shuweib dam. M oreover, several parameters can effect the distribution of the 
analyzed metals such as the physico-chemical parameters, size range in the source 
rocks, weathering process distance of transportation. 
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6 . 7 .  Sequ ential  Extra ction I Geoc hem ica l F raction 
quantitati e e t imate of re lati e mobi l i t  of  trace metal under urfic ial condit ion 
i '  di fficult, but an empi rical e t imate can be obtained b comparing coexist ing mobile 
and immobile pha e ( Ro e, et aI . ,  1 979; Al loway, 1 990; zefer, et al . ,  1 995;  Zhixun, 
et a l . .  1 997 and I Iowari ,  et a l . ,  2004) .  equential e traction procedures are commonly 
appl ied to a 'e ediment a c iated metal in environmental tudie . Valuable 
information wa obtained ab ut the mobi l i ty and bioa ai labi l i ty of metal to Ii ing 
organi m . u ing the e procedure . Th i information i not avai lable from a total 
per pecti e on metal contam ination in the environment. On of the mo t widely 
appl ied procedure wa pr po ed more than 29 years ago by Tessier, et al. ( 1 979). 
Ki rk. et a l . .  (200 ) m d i fied this procedure and it part i tion elements into five 
perat ional ly defined ge chern ical fract ions inc luding: xchangeable ( F  1 ); carbonate 
( F2.  ac id- o luble) ;  FelMn oxide (F3,  reduc ible) ;  organic matter (F4, oxidazable); and 
re idual (F5) .  
The chem ical a ociation of Cu, Cd,  Cr, Pb and Zn in selected sediments amples 
were Ii ted in  Table (6. 1 6, 6 . 1 7, 6. 1 8 , and 6 . 1 9) and i l lustrated in  Figure (6. 1 8 ) for 
1- hm\eib dam, F igure (6 . 1 9) for I -B ih dam, Figure (6 .20) for AI-Tawiyeen dam 
and Figure (6 .2 1 )  for Ham dam .  The percentages measured value of Cu, Cd, Cr, Pb, 
and Zn in e lected ediment for Al-Shuweib AI-B ih, A I-Tawiyeen and Ham dams 
were presented accordi ng to d ifferent geochemical pha e .  Varyi ng contents of gravel ,  
and, and i lt ,  organic matter and carbonates as wel l  as variation of CEC values cause 
variation in the concentration of the measured elected trace metals in the different 
geochem ical phase. 
(Fl): Exchangeable fraction: The exchangeable fraction is considered to be the mo t 
mobile and bioa ai lable phase present in  the soi ls and sediments (Tes ier, et a I . ,  1 979; 
Ahnstrom and Parker, 1 999; Howari and Banate, 200 1 ) . The exchangeable fraction in 
the analyzed sediment samples of Al-Shuweib, AI-Bih and AI-Tawiyeen dams are is 
able to retain heavy metals in the order: Cu > Pb > Zn > Cr > Cd. Whereas, in  Ham 
dam is  able to retain heavy metals in  the order: Pb > Cu 2: Zn > Cr > Cd. These metals 
are con idered as loosely bound to this fract ion and readi ly avai lable for tran port into 
the envi ronment (Tessier and Campbel l ,  1 979; Forstner and Wi ttman, 1 983 and Lee 
and Patrick, 1 997) .  
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Table 6 1 6 Meta l percentages of Cu ,  Cd ,  C r, Pb and Zn in the d ifferent geochem ical phases 
in the sed iments of AI-Shuweib dam. 
Meta l Exchangeable Bond of Bound of Fe/Mn Bond of Organ ic  Residual (F 1 ) Carbonate (F2) oxide (F3) matter (F4) (FS) 
C u  39.2 3 1  1 43.6 69.5 8.5 
Cd 0 0 0 .2 0 0.7 
Cr 4.8 0.3 2 .9 9.5 20.7 
Pb 3 1 . 7  0 5.6 0 2.8 
Zn 24.3 68.6 47.6 2 1  67.3 
Table 6 1 7 Metal percentages of Cu ,  Cd, Cr,  Pb and Zn in the d ifferent geochem ical phases 
in the sed iments of AI-Bih dam. 
Metal Exchangeable Bond of Bound of Fe/Mn Bond of Organic Residual  (F1)  Carbonate (F2) oxide (F3) matter (F4) (FS) 
C u  57.2 23.5 55.4 71 1 0.2 
Cd  0 0 0 0 1 
Cr  2 .7  14  2 7 .9 8.8 
P b  27 .7  4 .2  4 .6 0 2 .6 
Zn 1 2 .4 58.2 38 2 1 . 1  77.3 
Table 6. 1 8. Metal percentages of Cu, Cd ,  Cr ,  Pb and Zn in the d ifferent geochem ical phases 
in the sediments of AI-Tawiyeen dam.  
Meta l 
Exchangeable Bond of Bound of Fe/Mn Bond of Organ ic Res idual 
(F 1)  Carbonate (F2) oxide (F3) matter (F4) (FS) 
C u  45.7 23.2 57.6 73.1  1 2  
Cd 0 0 0 0 0.8 
Cr  0 .2 6.9 3.9 1 3. 1  26.9 
Pb 33.7 1 1 .3 0 .3  0 2 .8 
Zn 20 .4 58.6 38.2 1 3 .8 57.5 
Table 6 . 1 9. Metal percentages of Cu, Cd, C r, Pb and Zn in the different geochem ical phases 
in the sed iments of Ham dam . 
Exchangeable Bond of Bound of Fe/Mn Bond of Organ ic  Residual  Meta l 
(F 1 ) Carbonate (F2) oxide (F3) matter (F4) (FS) 
Cu 22.7 40.3 55.2 72.7 20.4 
Cd 0 0 0 0 1 .5 
C r  0 .2 7.2 8 .5 1 1  36.5 
Pb 58.3 0.7 0 0 1 .8 
Zn 1 8 .8 51 .8 36.3 1 6.3 39.7  
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Figure 6 . 1 8  H istogram showing heavy metal average percentages in d ifferent geochemical phases 
(fractions: F 1 :  Exchangeable; F2: Carbonate; F3: Fe/Mn oxide; F4: Organic matter; F5: 
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Figure 6 . 1 9. H istogram showing heavy metal average percentages in different geochemical phases 
(fractions: F 1 :  Exchangeable; F2: Carbonate; F3: Fe/Mn oxide; F4: Organic matter; F5: 
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Figure 6.20. H istogram showing heavy metal average percentages in different geochemical phases 
(fractions: F 1 :  Exchangeable; F2: Carbonate; F3: Fe/Mn oxide; F4: Organic matter; F5: 
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Figure 6 .2 1 .  H istogram showing heavy metal average percentages in different geochemical phases 
(fractions: F 1 : Exchangeable; F2: Carbonate; F3: Fe/Mn oxide ;  F4: Organic matter; F5: 
Residual) of the sediment samples collected from Ham dam. 
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(F2): Carbonate-bound fraction: Hea y metals can be associated ign ificantly with 
carbonate ediment fraction. The mechanism of co-precipitation with carbonates 
Vvhereby the hea metal orbed onto surface being apart of the crystal lattice 
through incorporat ion in their  tructure or may be adsorbed by oxides and organic 
matter that were prec ipitated, mainly as coat ing. onto the carbonates or other sediment 
part icle ( Forstner and Wittman 1 983) .  The carbonate fract ion in the analyzed 
ediment ample col lected from AI-Shuweib, AI-Bih and Ham dams are able to 
rctain hea y metal in the order: Zn > Cu > Cr > Pb > Cd, whereas, in AI -Tawiyeen 
dam, ediments are able to retain heavy metals in the order: Zn > ClI > Pb > Cr > Cd. 
The hea y metal have a higher spec i fic affinity for carbonate and may 
c prec ipitate with carbonate minerals  at high pH ( Forstner and Wittman, 1 983) .  
(F3): Fe/Mn oxides fraction: I ron and manganese oxides are excel lent scavengers for 
trace metal and can be mobi l ized under ac idic condit ions (Tessier, et a I . ,  1 979; 
zefer G lasb , et a I . ,  1 995;  Chlopecka et a l .  1 996; Karczewska, 1 996; Ahumada, et 
a I . ,  1 999; Howari and Banat, 200 1 ; Dang, et a I . ,  2002 and Banat, et aI . ,  2005) .  The 
FelMn oxide fraction in the analyzed sediments samples of AI-Shuweib dam is able 
to retain heavy metals in  the order: Zn � ClI > Pb � Cr > Cd, whereas the FelMn 
oxide fraction in AI-Bih dam sediments are able to retain heavy metals in the order: 
Cu > Zn > Pb > Cr > Cd. Moreover, this fraction in  AI-Tawiyeen and Ham dams 
sediment are able to retain heavy metals in  the order: Cu > Zn > Cr > Pb > Cd. 
(F4): Organic matter-bound fraction: The organic phase is a relatively stable phase 
in nature, but it can be mobil ized under strong oxidizing condit ions due to organic 
matter degradation, leadi ng to a release of the soluble metal (Tessier, et aI. , 1 979; 
Forstner and Wi ttman, 1 983 '  Panda et ai .  1 995 and Banat, et a I . ,  2005) .  The organic 
matter fract ion in the analyzed sed iments samples of four invest igated dams are able 
to retai n  heavy metals in the order :  Cu > Zn > Cr > Pb > Cd. 
(F5): ResiduaL fraction: Heavy metals associated to this fraction are not soluble and 
may be considered as bound or stationary metals, which are assumed to be held within 
the minerals matrix (Modak, et aI . ,  1 992 and P rustry, et a l .  1 994). The residual sol id 
should contain mainly primary and secondary minerals which may hold trace metals 
within their  crystal structure .  
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Metals pre ent in thi fraction are a measure of the degree of environmental 
pol lution: the higher the metals pre ent in tills fraction indicate the lower degree of 
pol lution (For tner and Wittman 1 983 and Zhixun, et a l . ,  1 997· Howari and Banat, 
200 1 :  Dang, et a l . ,  2002 and Banat, et a l . ,  2005) .  The heavy metals bounded to the 
rc idual fraction in the analyzed ediments samples of AI-Shuweib, AI-Taywiyeen 
and I lam dam are able to retain heavy metal s in the order: Zn > Cr > Cu > Pb > Cd, 
\: herea , thi fraction in AI-Bih dam sediments is able to retain heavy metals in the 
order: Zn > Cu � Cr > Pb > Cd. 
The equential extraction result reveal that Cu, Cd, Cr, Pb, and Zn are mainly 
a oc iated \ ith the residual fraction. This can be interpreted that the sediments in the 
anal zed amples in the in estigated darns are unpol luted with the selected heavy 
metals .  
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CHAPTER SEVEN 
CONCLUSIO 
7 .  C O N C L U S I O N  
The purpose of thi tudy i to asse the hea y metal concentrat ions in the di fferent 
geo hemical phase , their  enrichment and spec iation in the sediments of elected 
dam in UAE. nother objecti e of thi study is to ludy the impact of the physico­
chem ical parameter (pH,  TO , P20 TOM, CaCO) and CEC) on the di  tribution of 
hea ) metal . Dam of concern include AI -Shuweib, AI-Bih, AI-Tawiyeen and Ham 
dam . 
The main conc lu ion for the pre ent tudy could be l isted as fol lowing: 
1 .  The texture analy e of ediments samples col lected from AI-Shuweib dam 
classified as gravely sand, s i l tey sand and sandy gravel whereas, AI-Bih dam 
ediments samples were andy si l t ,  sandy gravel and si lty sand characteristic .  
Meanwhile, the ediment of AI-Tawiyeen and Ham dams are c lassified as  s i l ty 
and and gravel ly and. 
2. M icroscopic tudy of sand size fraction revealed that the mineral observed in 
AI-Shuweib dam are carbonate minerals (calcite), quartz and plagioclase. 
Whereas in  samples col lected from AI-Bih dam consist of  quartz, calcite, 
plagioc lase and, gypsum. Moreover, in AI-Tawiyeen dam calc i te and 
plagioclase were observed, and in  Ham dam, calcite, p lagioc lase and non 
grain were observed. 
3 .  X-ray d iffraction pattern for non-clay s ize fraction of selected samples from 
AI-Shuweib dam showed quartz, calc ite, dolomi te, plagioc lase, serpent ine and 
c lay minerals were present, whereas, in AI-Bih dam, diffraction pattern 
presents quartz, calc ite, dolomite, c lay minerals, serpentine and p lagioclase. 
The average X-ray d iffraction pattern for the selected samples col lected from 
AI-Tawiyeen dam showed quartz, calcite, dolomite, serpentine, c lay minerals 
and plagioc lase . Moreover, Ham dam d iffraction pattern showed quartz, 
calcite dolomite, serpenti ne, plagioclase, amphibole, c lay minerals and 
pyroxene. 
4 .  The X-ray d iffraction pattern for c lay s ize fraction of selected samples in the 
AI-Shuweib dam, showed s imi lar distribution with the same c lay m inerals of 
AI-Bih dam and AI-Tawiyeen dam. Assemblage of quartz found as  major 
mineral ,  I l l ite as subordinate m ineral and chlorite as minor mineral .  Whereas 
in Ham dam, I l l ite showed as major m ineral ,  quartz as subordinate and chlorite 
remains as m inor m inera l .  
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5 .  The identi fied mineral III the col lected ediment samples can not be 
consider d as a igni ficant natural source of heavy metals .  
6. The pH alue for inve t igated area sho ed range of 7-8 .6  which means that 
the ediment in the studied area are with alkal ine nature. 
7 .  The TDS alue are higher in AI-Bih, AI -Tawiyeen and Ham dam than AI­
huweib dam . This can be e plained due to the grain size of col lected samples 
and location of each dam . 
8 .  The calc ium carbonate content can be derived as c lastics of pre-exist ing 
l ime tone, uch a in AI-Shuweib dam, repr c ipitated as surface sediments due 
to e aporat ion of bicarbonate-rich grOlllldwater, and broken calcareous shells ,  
e pec iall  in oils along the coastal land-stretch of Oman Mountains such as in 
AI-Bih, I -Tav iyeen and Ham dams.  
9. The percentage of organic substance III sedi ments samples col lected from 
invest igated dams is very low due to hot c l imate and quick decomposit ion of 
organic ubstance.  
1 0. The deficient content of P20S in the sediments would be related to inorganic 
phosphate which occurs mainly as apatite (calc ium phosphate) that dissolves 
under ac idic medium ,  hence plant can not uptake phosphates when sediment 
water is alkal ine .  
1 1 . The cation exchange capac ity values along the tested stations in  the four major 
dam ' s  sedi ments showed decreasing, which may be related to the less of 
organic matter content i n  the sediments. 
1 2 . The concentration of aluminum, i ron, copper, cadmium, chromium, lead and 
zinc contents are nearly reflected of background natural values as evident from 
calculat i ng the enrichment factor. 
1 3 . According to the calculated values of the index of geoaccumulation ( I -geo), 
the sedi ments of AI-Shuwaib, AI-Bi h, AI-Tawiyeen and Ham dams may be 
described as uncontaminated with respect to AI ,  Fe, Cu, Cd, Cr, Pb, and Zn. 
1 4 . The pair-wais coeffic ient correlation analyses show that the pollution 
contro l l ing parameters affected posi t ively with the distribution of measured 
elements in the sedi ments samples col lected from the dams .  Whereas, some 
parameter show negative correlation which means that it has no effect on the 
elements distribution. 
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1 5 . The vanance analy i s  test howed that there is a significant d ifference in 
di tribution of measured concentrat ions among investigated dams for the 
elected metal . It can be revealed that the highest mea ured concentrations for 
the most metals pre ented in Ham dam . These metals are clo ely associated 
with ophiol it ic rock and therefore they are mainly derived from Ophiol ite of 
Oman Mountain . On the other hand, the lowest measured concentrat ions for 
the metal found in Al-Shuweib dam. Moreover, se eral parameters can effect 
the distribution of the analyzed metals such as the physico-chemical 
parameters size range in the source rocks, weathering process, distance of 
transportation. 
1 6 . The sequent ial e traction results reveal that Cu Cd, Cr, Pb, and Zn are mainly 
a oc iated with the re idual fraction. This can be interpreted that the sediments 
in the analyzed samples in the investigated dams are unpo l luted with the 
elected heavy metals .  
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ApPENDIXES 
Appendix 1 . 1 .  List of samples location collected from the four dams (UTM) 
AI-S h uweib  AI-Bih AI-Tawiyeen Ham S.No. 
East North East North East North East North 
380226 274 1 1 97 404256 2850982 404600 2827890 427473 2779955 
2 3802 9 1  274 1 2 1 0  4042 1 4  2850956 404584 2827957 427544 277993 1 
3 380362 274 1 235 404 1 88 285094 1 404566 2828025 427634 2779860 
4 380423 2741 260 404 1 60 2850888 404545 2828 1 1 7  427723 2780042 
5 380500 2741 277 404 1 73 2850870 404653 2828 1 29 427839 2780 1 06 
6 380568 274 1 295 4042 1 4  2850907 404801 2828044 427963 2780 1 84 
7 380642 274 1 288 404238 2850940 404753 2827934 427943 27802 7 1  
8 3807 1 3  274 1 279 407246 2850933 404704 2827829 427890 2783470 
9 380780 274 1 263 404253 28509 1 7  4050 1 1 2827832 427792 2780456 
1 0  380843 274 1 249 404274 285088 1 40493 1 2827646 427682 2780496 
1 1  380903 2741 249 404 1 3 1 2850957 405069 2827348 427434 27806 1 8  
1 2  380960 2741 244 404 1 34 2850899 427340 27807 1 8  
1 3  381 036 274 1 24 1  404 1 69 285084 1 427324 2780592 
1 4  381 093 2741 229 404 1 90 2850790 42734 1 27804 1 0  
1 5  38 1 1 26 274 1 223 404 1 95 28507 1 5  427356 2780279 
16 38 1 1 49 274 1 262 404 1 98 2850627 42 7396 2780 1 58 
1 7  381 1 54 2741 299 404234 2850 794 427439 2780020 
18 381 1 58 2741 366 404283 2850882 427331 2779846 
19 381 062 274 1 377 404331 2850938 
20 380976 274 1 36 1  404306 2851 0 1 1 
21  380906 2741 348 404223 2850952 
22 380878 274 1 4 1 2  404204 2850847 
23 380866 274 1 456 4042 5 1  28509 1 3  
24 380850 274 1 52 1 
25 380760 2741 495 
26 380686 274 1 487 
27 380563 274 1 457 
28 380483 274 1 454 
29 3804 1 0  2741 436 
30 380346 274 1 4 1 7  
31 380272 274 1 395 
32 380260 2741 3 1 3  
33 380258 2741 238 
34 380259 2474200 
35 3805 1 4  2 74 1 288 
36 3805 1 2  2741 362 
37 380505 2741 396 
38 380482 2741 493 
39 380903 2741 3 1 7  
40 3809 1 1 274 1 263 
41 380909 2741 234 
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AppendiX I I  1 List of pH values for the four dams In the study area 
S.  No.  A I -S h uwieb AI-Bih AI -Tawiyeen Ham 
8.60 7.20 7 .38 7.23 
2 7.49 7.32 7 .47 7 .33 
3 7 70 7.35 7.50 7 .38 
4 7.45 7 .27 7.30 7.73 
5 7 .26 7 .44 7.35 7 .60 
6 7 20 7.37 7.38 7 .42 
7 7 80 6.98 7 .60 7.35 
8 7.37 7.03 7.38 7 .30 
9 7.84 7.32 7 .42 7 .42 
1 0  7 .64 7 .01  7 .43 7 .64 
1 1  7 .78 7 .45 7 .78 7 .3 1  
1 2  7 .2 1  7 . 1 8  7 . 4 1  
1 3  7.20 7 .61  7 .30 
1 4  7 .43 7 .30 7 .40 
1 5  7 .74 7 .46 7 .44 
1 6  7.33 7 .69 7.82 
1 7  7 .62 7 .74 7 .40 
1 8  7.60 8 . 1 1 7.68 
1 9  7 .68 7 .46 
20 7.79 7 .40 
2 1  7 .80 7 .49 
22 8 . 1 9  7.32 
23 8 .47 7.87 
24 8.28 
25 8 . 1 3  
26 8 . 1 5  
27 8.29 
28 8.42 
29 8 .3 1  
30 8 .20 
3 1  8.03 
32 8 .42 




37 8 . 1 0  
38 8.24 
39 7 .66 
40 7 .68 
4 1  7 .96 
Average 7.85 7.41 7.47 7.46 
Min imum 7 .2  6.98 7.30 7.23 
Maximum 8.6 8. 1 1  7.78 7.82 
STO 0.4 0.30 0. 1 3  0 .1 7 
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Appendix I I  2 List of Total dissolved solids content (TDS) for the four dams 
S .  No.  TDS (ppm)  
AI-Shuwe ib  AI-Bih AI-Tawiyeen Ham 
1 33. 1 775.0 487.0 275.8 
2 1 79.2 1 274 9 426.2 338 .2 
3 1 34.4 382 . 1  667.2 394 .9 
4 234.2 696.3 727.0 1 90 . 1  
5 257 9 842.9 932 .2 231 .2 
6 336 . 1  488.3 504.3 439.0 
7 352.2 1 538.6 437.1  338.6 
8 322.6 1 064.3 463 .4 31 5.8 
9 231 .0 347.5 463 .4 426 . 1  
1 0  2 1 7.2 1 8 1 3.8 935.0 359.0 
1 1  208.6 567.7 1 83.0 424.8 
1 2  438.7 1 778.6 447.2 
1 3  402.0 540.8 38 1 .7 
1 4  266.9 848.0 374.2 
1 5  1 34 .4  490.9 260.8 
1 6  373.8 427.5 251 .3 
1 7  6 1 0 .6 423.7 374.3 
1 8  285.4 260 .2 295.0 
1 9  291 .2 458.9 
20 206 . 1  270.7 
2 1  204.8 696.3 
22 1 37.0 890.2 
23 1 20 .3  246.8 
24 1 22.2 
25 1 40.2 
26 1 55.5 
27 1 05 .0  
28 1 33.8 
29 1 78.6 
30 200.3 
3 1  1 58 .7  
32  1 04.3 
33 1 63 .2  
34 1 77 .9  
35 222 . 1  
36 1 29.3 
37 1 30.6 
38 1 44.6 
39 307.8 
40 288.0 
4 1  1 08.8 
Average 227.1  744.5 564.9 337.8 
Min imum 1 04.3 246.8 1 83.0 1 90.1  
Maximum 61 0.6 1 81 3.8 935.0 447.2  
STD 1 07.8 495.4 228.1 76. 1 4  
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Appendix I I  3 List of Total Carbonate Content (C03 %) for the four dams.  
S.  No .  A I -S h uweib AI-Bih AI-Tawiyeen Ham 
1 20.06 49.27 27.87 1 4. 2 7  
2 23.38 29.28 3 1 . 34 1 9.04 
3 1 8.70 29 .40 26. 1 0  1 2 .35 
4 1 6.86 2 7 . 30 24 . 2 1  1 6.95 
5 1 9 .72 26.90 26.05 20. 7 1  
6 1 8 29 2 3 . 4 5  37. 3 1  1 4 . 52 
7 1 6. 90 2 5 . 5 7  26.78 1 6.84 
8 1 9 1 3  26.64 24.80 1 5.84 
9 1 4 . 56 3 1 .84 26.89 1 4.28 
1 0  20. 1 4  33.03 28. 1 4  1 6. 2 1  
1 1  2 1 .66 2 7 . 52 24. 3 1  1 5 .43 
1 2  2 1 .33 28. 57 1 5. 34 
1 3  2 1 . 2 5  3 7 . 4 7  1 2 .07 
1 4  20.56 30.25 1 7 . 1 1 
1 5  1 7 . 4 1  28 .56 2 1 .99 
1 6  27 .40 34.68 1 9. 74 
1 7  23.05 40.78 2 1 .50 
1 8  1 7 35 45 .45 1 7 .93 
1 9  1 7 .96 29.62 
20 1 7 .72 4 1 . 7 9  
2 1  2 1 . 46 29.74 
22 22.33 3 1 .63 
23 20.02 33. 1 3  
24 24 .07 
2 5  1 8. 1 9  
26 1 8 . 4 3  
27 1 9. 8 7  
2 8  22.07 
29 22.28 
30 23.08 
31  1 2 . 92 
32 1 6 . 1 0  
33 1 5.02 
34 1 5. 7 7  
35 1 6. 5 7  
36 1 3. 4 7  
3 7  1 2 . 4 7  
38 1 2 .06 
39 20. 3 1  
40 20.74 
4 1  25.57 
Average 1 9.20 32.58 28 . 1 0  1 6 . 8 1  
M i n i m u m  1 2.06 23.45 24.2 1  1 2.07 
Maximum 27 .40 49.27 37. 3 1  21 .99 
STO 3.52 6.58 3.80 2.92 
1 40 
Appendix ( I I  4)-list of Total Organic Matter Content (TOM %) for the four dams 
S. N o .  AI-Sh uweib AI-Bih AI-Tawiyeen Ham 
1 1 . 08 2.61  4 88 6.22 
2 1 . 84 4 .91  4. 84 5.53 
3 2 03 5. 1 2  5 . 48 7.04 
4 0.22 6.34 7 . 33 4 . 0 1  
5 2 .64 5.29 5 .87 5 .43 
6 3 96 5.56 5.64 6 .96 
7 3 . 2 1  6 2 3 5.62 5.03 
8 6.35 6.09 5.77 5.20 
9 3.58 7 . 02 4 .77 5 . 78 
1 0  2.67 4 . 54 4 .52 6.81  
1 1  4 .30 6. 1 3  3 . 8 1  3.26 
1 2  4. 1 3  7.4 1 3 .97 
1 3  2 . 22 5 . 49 2. 66 
1 4  1 . 02 5.39 3 . 7 1  
1 5  0 . 85 6. 1 7  2 . 32 
1 6  3 . 2 1  5 . 6 1  3.20 
1 7  4 . 3 5  3.63 2.65 
1 8  4.03 2 . 52 2 . 52 
1 9  1 . 93 4 . 7 1  
2 0  2 . 56 2 . 49 
2 1  1 . 95 5. 1 9  
22 0.43 2 . 98 
23 1 . 83 3 .78 
24 1 . 7 7  
25 1 .2 3  
2 6  4 . 0 7  
27 1 . 87 
28 1 .67 
29 1 . 60 
30 0 . 5 1  
3 1  0 . 95 
32 0 . 39 
33 0 . 58 
34 1 . 47 
35 1 . 37 
36 0.62 
37 0.90 
38 1 . 1 6  
39 3 . 78 
40 3.67 
4 1  0 . 93 
Average 2.22 5.00 5.36 4.58 
M in i m u m  0.22 2.49 3.81 2.32 
Maximum 6.35 7.41 7.33 7.04 
SrD 1 .43 1 .42 0.92 1 .63 
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Appendix ( 1 1 5) - list of Total Phosphate Content (%P20S) for the four dams 
S.  No .  
AI-S h uweib  AI-Bih A I -Tawiyeen Ham 
1 1 . 1 5  2 .60 9.58 7 .58 
2 1 .53 5.20 8.98 4.55 
3 1 .53 4.83 9 .58 7 .58 
4 2 . 1 2  5 .58 1 1 .38 3.79 
5 1 .95 4.83 9.58 3.03 
6 3.40 4.83 1 0. 1 8  8 .33 
7 3 .40 4.83 9 .58 6.06 
8 3.82 5 .58 1 0. 1 8  6.06 
9 2.97 5 .58 8 .38 8.33 
1 0  3 .40 3.35 7 .78 7.58 
1 1  2.55 5.20 4 .79 4.55 
1 2  4 .25 5.20 5 .30 
1 3  3.40 4.83 2.27 
1 4  1 .70 4.83 6 .06 
1 5  1 .70 4.83 3 .79 
1 6  3.40 3.72 5 .30 
1 7  3 .40 3 .72 4.55 
1 8  5.52 2 .60 5.30 
1 9  5 . 1 0  3.72 
20 2 . 1 2  2 .23 
2 1  2.97 4.83 
22 1 .27 3 .35 
23 1 .27 3.72 
24 1 .27 
25 1 .27  
26 1 .27  
27 1 .27 
28 1 .27 
29 1 .70 
30 1 .70 
31 2 . 1 2  
32 1 .27  
33 1 .70 
34 1 .70 
35 2 .55 
36 1 .70 
37 1 .70 
38 1 .27 
39 5 . 1 0  
40 5.95 
4 1  1 .27 
Average 2.49 4.35 8.94 5.53 
Min imum 1 . 1 5  2.23 4.79 2.27 
Maxim um 5.95 5.58 1 1 .38 8.33 
STD 1 .31 1 .07 1 .71  1 .80 
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Appendix 1 1 .6 list of Cation Exchange Capacity (CEC) for the four dams 
S.  No.  AI-S h uwei b  AI-B i h  AI-Tawiyeen Ham 
1 9. 1 28.7  63.2 85 .4 
2 1 9. 2  55.3  60.3 37 . 1  
3 1 8. 7  55.0 7 1 .8 27.6 
4 1 9. 9  62 .8 82.3 33.0 
5 1 4 . 1 53 8 63.9 2 1 . 5 
6 30 0 59 0 76. 1 24. 1 
7 28.4 53.6 68.0 37.4 
8 38.5 72 5 65.7 5 1 . 8 
9 33 6 63. 1 40.6 39.5 
1 0  1 9 .0 38.4 45.7 52.8 
1 1  28.4 6 1 . 3  1 6.6 40.0 
1 2  43.2 45.6 5 1 . 1  
1 3  36. 5  50.3 20.0 
1 4  22.6 5 1 . 3 23.6 
1 5  1 6. 8  56.6 50.3 
1 6  38.4 55.3 78.7 
1 7  42.3 36 . 8  53.0 
1 8  48. 1 23 .2  68. 1 
1 9  38.8 45.6 
20 23.6 20.9 
2 1  43.2  62.4 
22 2 1 . 1  38.4 
23 1 7. 5  4 1 . 2 
24 1 6 . 4  






31  23.4 
32 2 1 . 4 
33 22.2 
34 24.7  
35 2 7 . 8  
36 22 .0  
37 2 3 . 3  
38 24.5 
39 6 1 . 7  
40 7 1 . 2 
4 1  1 5. 9  
Average 29.1 49.0 57.9 45.0 
M in i m u m  9 . 1  20.9 1 6.6 20.0 
Maxim um 71 . 2  12.5 82.3 85.4 
STO 1 2.5 1 3 . 3  1 8.7 1 9. 1  
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Appendix ( 1 1 . 7) - List of Bulk Trace Metals analysIs for AI-Shuweib dam. 
S. N o .  
AI Fe C u  Cd C r  P b  Zn 
( ppm)  ( ppm)  (ppm)  (ppm)  (ppm)  ( ppm)  ( ppm)  
1 1 8 . 1  35 0.02 
2 20 35.7 0 .02 
3 1 9. 7  45. 1 0.05 
4 20.9 37.9 0 . 02 
5 20.9 2 5 . 7  0 . 03 
6 23. 1 44.7 0 .04 
7 23. 1 39.6 0 .04 
8 2 3 . 9  4 8 . 7  0 .04 
9 24.2 49.3 0 .04 
1 0  23 .8  44.3 0 . 04 
1 1  24. 1 36.2 0 . 03 
1 2  25.2  54 . 1  0 . 04 
1 3  25 .4 39.6 0 . 03 
1 4  23 .7  26.7  0 . 02 
1 5  22.8 27.8 0 . 02 
1 6  2 5  42 .4 0 .04 
1 7  24.9 44.6 0 .03 
1 8  26.9 69.5 0.07 
1 9  27 .3  65.5 0 . 06 
20 24. 1 26.2 0 . 02 
2 1  24.9 48 .4  0 . 04 
22 22.2 24 . 4  0 . 0 1  
2 3  2 2 . 5  20.8 0 . 0 1  
24 23.7  2 3 . 5  0 . 0 1  
25 22.3 4 2 . 5  0 .02 
26 22.2 39.6 0.02 
27 23. 1 39.7 0 .02 
28 23.8 38.9 0 . 02 
29 24.5 45.7 0 .03 
30 23.5 37 .7  0 . 02 
3 1  24.4 32 . 1  0 .03 
32 22 .8  32 . 4  0.03 
33 2 3 . 2  39.9 0 . 02 
34 2 3 . 4  3 3 . 4  0 . 02 
35 2 5 . 5  44.8 0 .03 
36 23.9 4 1 . 3  0 .02 
37 22.9 40.3 0.02 
38 2 2 . 4  4 4 . 4  0 .05 
39 27.9 63.8 0 . 06 
40 28.5 72 .8 0.07 
4 1  22 . 7  25 .6 0 .01  
Average 23.6 41 0.03 
M i n i m u m  1 8. 1  20.8 0.01 
M axim u m  28.5 72.8 0.07 
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0.01  0.05 
0 .01  0 .06 
0.02 0.07 
0 .01  0 08 
0 . 02 0. 1 
0 . 02 0.2 
0 . 02 0 .4  
0 .02 0. 1 
0.02 0. 1 
0 .02 0 . 09 
0.02 0 . 07 
0 .03 0 . 1  
0 . 02 0. 1 
0 . 0 1  0 . 05 
0 . 0 1  0 . 05 
0 . 02 0. 1 
0 . 03 0 . 09 
0 .03 0. 1 
0 . 03 0. 1 
0 . 0 1  0 . 0 7  
0 . 02 0.09 
0 .01  0 .04 
0 . 0 1  0.03 
0.02 0.04 
0 . 0 1  0 .06 
0 . 0 1  0 .06 
0 . 0 1  0 .06 
0 . 02 0.08 
0 . 0 1  0.07 
0 . 02 0.06 
0 . 0 1  0 .06 
0 . 0 1  0 . 05 
0 .01  0 . 06 
0 . 0 1  0 . 05 
0 . 0 1  0 . 07 
0 . 0 1  0 . 06 
0 . 0 1  0 . 06 
0 . 02 0 . 07 
0.03 0. 1 
0 . 03 0 .2  






Appendix ( I I  8) - List of Bulk Trace Metals analysis for AI-Bih dam 
S. No .  A I  Fe  C u  C d  C r  Pb  Zn (ppm) (ppm) (ppm) (ppm) (ppm)  (ppm)  (ppm) 
23 6 28.8 0.02 0 0 . 1  0 .03 0.06 
2 27 .9 48.5 0.04 0 0 . 1 8  0.038 0 . 1  
3 27 8 48.2 0.04 0 0 . 1 9 0.033 0 . 1  
4 27 2 50 .4  0 .05 0 0 . 1 9 0.039 0 . 1  
5 28 1 48.9 0.04 0 0. 1 8  0.034 0 . 1  
6 28. 1 47.6 0.04 0 0. 1 8  0.04 0 . 1  
7 27 .4 46 .7  0.04 0 0. 1 8  0.034 0. 1 
8 28 5 1 .4 0.05 0 0. 1 9  0.04 0. 1 
9 28.2 58.7 0.04 0 0.2 0.038 0. 1 
1 0  26.6 39.2 0 .02 0 0. 1 4  0.06 0 . 1  
1 1  27.5 50.7 0 .04 0 0. 1 9  0.038 0 . 1  
1 2  27 .9 49.7 0 .04 0 0. 1 8  0 .035 0 . 1  
1 3  28.3 48.6 0.04 0 0 . 1 7 0.04 0 . 1  
1 4  27.9 46.8 0 .04 0 0. 1 7  0.04 0 . 1  
1 5  27.7 49.2 0.04 0 0. 1 8  0.033 0 . 1  
1 6  26.4 40.2 0.03 0 0 . 1 4  0.033 0 . 1  
1 7  26.2 4 1 . 1  0.03 0 0. 1 4  0.03 0 .09 
1 8  23.3 27.3 0 .01  0 0 . 1  0.03 0 .06 
1 9  26.8 43.8 0.03 0 0. 1 6  0.03 0 . 1  
2 0  22.6 24.4 0.02 0 0.09 0 .03 0.06 
2 1  27 .5 47.7 0.04 0 0 . 1 7 0.038 0. 1 7  
22 26.4 39.3 0.02 0 0 . 1 5  0.029 0.08 
23 26.9 4 1 .5 0.03 0 0. 1 6  0.03 0.09 
Average 26.8 44.1 0.03 0 0 . 16  0.036 0.1 
M in imum 22.6 24.4 0.01 0 0.09 0.029 0.06 
Maxi m u m  28.3 58.7 0.05 0 0.2 0.06 0. 1 7  
STD 1 .61 8.28 0.01 0 0.03 0.007 0.02 
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AppendIx 1/ 9. list of Bulk Trace Metals  analysis for AI-Tawiyeen dam 
S. No .  A I  Fe C u  Cd Cr  Pb Zn 








8 29. 1 
9 27 7 
1 0  28 3 
1 1  30.8 
Average 28.8 


















0.07 0 0.28 
0.07 0 0.28 
0.07 0 0 .28 
0.09 0 0.3 
0 .08 0 0.3 
0 .08 0 0.3 
0.07 0 0.3 
0.08 0 0 .34 
0.07 0 0.37 
0.1  0 0.3 
0. 1 4  0.002 0 .38 
0.09 0.0003 0.31 
0.07 0 0.28 
0 . 14  0.002 0.38 
0.02 0 0.03 
0 .038 0. 1 7  
0 .033 0. 1 5  
0 .037 0. 1 6  
0 .043 0.6 
0.037 0. 1 8  
0.036 0.2 
0.04 0. 1 6  
0.044 0. 1 7  
0.038 0. 1 6  
0.037 0 . 1 4  
0 .026 0.2 
0.037 0.23 
0.026 0 . 14  
0.044 0.6 
0.005 0. 1 3  
Appendix 1 1 . 1 0. List of Bulk Trace Metals analysis for Ham dam 
S. No .  A I  Fe C u  Cd  C r  Pb Zn  










1 0  28.8 
1 1  27 . 1  
1 2  28. 1  
1 3  27 . 1  
1 4  28.5 
1 5  27 
1 6  26 .7  
1 7  27.3 
1 8  28.5 
Average 28.1  
Min imum 26.7 
























0.2 o 0.86 0.029 
0 . 1  0 1 .02 
0 . 1  0 0.82 
0 . 1  0 0 .94 
0 . 1  0 0 .93 
0. 1 6  0.001 0 .84 
0 . 1  0.001 0 .73 
0 . 1  0 0.76 
0 . 1 5  0.002 0,74 
0 . 1  0,001 0.74 
0 . 1  0 0.98 
0 . 1  0 0 ,7 1  
0 . 1 9  0.003 1 .54 
0 , 1  0 0 .77 
0 . 1 7  0 0 .75 
0. 1 3  0 0 .76 
0 . 1  0 0 .78 
0. 1 8  0 0.8 
0. 1 3  0.0004 0.89 
0 . 1  0.0 0 .71 
0 .2 0.003 1 .54 
























0. 1 7  
0 . 1  
0,08 
0 , 1 9 
0 . 1 6  
0 . 1  
0 . 1 7 
0 . 1 6  
0 . 1  
0 . 1  
0 . 1  
0 . 1 3 
0 . 1  
0 . 1 3 
0 . 1  
0 . 1  





Appendix II 1 1 .  Grain size values for AI B ih and AI Shuweib dams 
0 � Ol co ,... 't c Ll N M M I() ,... 0 Qj .Q Ll Ll Ll (!) .c .c .c .c (!) Qj 'Qj � a. co co co .c :;: :;: :;: :;: E CD CD :::J :::J .c .c :::J :::J :::J co (f) (f) .c .c .c I/) (f) (f) (f) 
Phi 
(0) m m  wt %  
-2 0 4 59 98 0 00 0 00 0.00 0 00 1 3 00 1 3 1 5  0.00 2 1 66 1 5 1 2  
- 1  0 2 1 0 64 0 00 0 00 0 00 0 00 24 01 6 77 0 00 1 4.86 1 5 02 
0 0  1 6 64 0 64 0.00 0.00 3 89 1 8.01 9.87 7 60 1 1  79 1 3.82 
1 0 0 5  6.57 3 32 4 00 0 34 6 02 1 1  75 1 2 78 7.98 8 70 1 0 0 1 
2 .0 0.25 6 22 3 88 1 70 0 96 5 22 1 0 90 1 9.37 20 89 1 3 89 1 4.50 
3 0  0 1 25 3 27 1 6 53 7 28 3.28 21 27 1 6 93 1 5.91 24.61 1 9 62 1 9 53 
4 0  0 062 2 4 1 47 82 32 41 1 3.01 32 1 0  4.77 1 2 .31  1 9 7 1 7.04 8 69 
>4 <0 062 4 29 27 81 54.61 82 4 1  31 50 0 63 9.84 1 9.21  2 .44 3.31 
Wt % 1 00 0  1 00.0 1 00.0 1 00.0 1 00 0 1 00.0 1 00.0 1 00.0 1 00.0 1 00 0  
Appendix 1 1 . 1 2  Grain size values for AI B ih and AI Shuweib dams 
sample no Tawlyeen 7 Tawlyeen 9 Tawlyeen 1 1  Ham2 Ham6 Ham 1 1  
Phi  
mm (0) wt. % 
4 -2.0 0 00 0.00 0.00 0.00 0.00 0.00 
2 - 1 .0 0.00 0.00 1 1 .95 0 00 0.00 0.00 
1 0 0  0 00 0.68 1 4.67 0 00 0.00 0.00 
0. 5 1 .0 0.00 0 .50 26.42 1 .29 0.00 3.80 
0 25 2 0  0.00 2 .01  28.73 1 0.62 0.70 4.87 
0. 1 25 3 0  3 1 .82 28 58 1 1  3 1  32.36 47.04 4 1 .46 
0 062 4.0 46.36 50.65 5 63 35.50 38.54 35.91 
<0 062 >4 2 1 8 1  1 7.57 1 .29 20.23 1 3.72 1 3.97 
WI. % 1 00.0 1 00.0 1 00 0 1 00.0 1 00.0 1 00 0  
Appendix 1 1 . 1 3. Normal ity of (AI) concentration in samples col lected from the four dams 
Dam 





Statistic df Sig . 
. 208 23 .01 1 
. 1 40 1 8  .200· 
. 1 27 41  .095 
.244 1 1  .067 
*. This is a lower bound of the true significance. 
a . lIII iefors Significance Correction 
Appendix 1 1 . 1 4 . Normality of (Fe) concentration in samples collected from the fou r  dams 
Dam 
Kolmogrov-Smirnova 
Statistic df Sig. 
Fe AI-Bih .223 23 .004 
Ham .075 1 8  .200· 
AI-Shuweib . 1 45 4 1  .030 
AI-T awiyeen . 1 76 1 1  .200· 
* .  This IS  a lower bound of the true significance. 
a.  lIIIiefors Significance Correction 
� 't Ll Qj 
:;: :::J .c (f) 
1 2 1 8  
4 04 
4 64 
4 1 7 
1 0 1 8  
41 69 
20.7 1  
2.38 
1 00 0  
Ham 1 3  
0.00 
45.58 
1 5 .49 
1 4. 7 1  
9.59 





Appendix 1 1 1 5  Normality of (Cd) concentration i n  samples collected from Ham and AI­
Tawiyeen dams 
Dam 
Cd  Ham 
AI-Tawlyeen 
Kolmogrov-Sm irnov' 
Statistic df Sig. 
.528 1 1  .000 
.42 1 1 8  .000 
a Uiliefors Significance Correclion 
b Cd IS constant when Dam " Blh It has been omitted. 
c. Cd IS constant when Dam " Shwalb It has been omitted. 
Appendix II 1 6 .  Normality of (Cr) concentration in samples collected from the four  dams 
Dam Kolmogrov-Smirnov
' 
Statislic df Sig. 
C r  AI-Bih .208 23 .01 1 
Ham .22 1 1 8  .020 
AI-Shuweib . 1 2 1  4 1  . 1 37 
AI-Tawiyeen . 358 1 1  .000 
a Ulliefors Significance Correction 
Appendix 1 1 . 1 7 . Normal ity of (Cu) concentration in samples collected from the four dams 
Dam Kolmogrov-Smirnov
' 
Statistic df Sig. 
Cu  AI-Bih .3 1 6 23 .000 
Ham .374 1 8  .000 
AI-Shuweib .2 1 8  4 1  .000 
AI-Tawiyeen .296 1 1  .008 
a Lill iefors Significance Correction 
Appendix 1 1 . 1 8. Normality of (Pb) concentration in samples col lected from the four dams 
Dam 
Kolmogrov-Smirnov' 
Statistic df Sig. 
P b  AI-Bih . 2 1 6  23 .007 
Ham . 1 1 7  1 8  .200* 
AI-Shuweib . 1 72 4 1  .004 
AI-Tawiyeen .222 1 1  . 1 37 
Appendix 1 1 . 1 9. Normality of (Zn) concentration i n  samples collected from the four  dams 
Dam Kolmogrov-Smirnov
' 
Statistic df Sig. 
Zn AI-Bih .384 23 .000 
Ham .274 1 8  .00 1 
AI-Shuweib .331  4 1  .000 
AI-Tawiyeen .434 1 1  .000 
a.  Li l l iefors Significance Correction 
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Appendix 11.20 Kruskal-Wall is test for (AI) concentration In the four  investigated dams 
Ranks Test Statistics·' 
Dams N Mean Rank AI 
A I  1 .00 4 1  24.65 Chi-Squar 60.078 
2 .00 23 52.26 df 3 
3.00 1 1  8 1 . 1 4  Asymp. Sig. .000 
4.00 1 8  70.33 
Total 93 
a Kruskal Wallis Test 
b Grouping Variable . Dams 
1 AI Shuwelb dam, 2 AI-Bih dam, 3 AI-Tawiyeen dam, and 4 Ham dam 









N Mean Rank 
41 29.79 
23 39.59 
1 1  69.55 
1 8  8 1 .89 
93 
a.  Kruskal Wallis Test 






56. 1 53 
3 
.000 
1 AI Shuweib dam, 2 AI-Blh dam, 3 AI-Tawiyeen dam; and 4' Ham dam 
Appendix 1 1 . 22 .  Kruskal-Wall is test for (Cd) concentration in the four  investigated dams 
Ran ks Test Statistics·,b 
Dams N Mean Rank Cd 
Cd 1 .00 4 1  44.00 Chi-Squar 1 7 .758 
2 .00 23 44.00 df 3 
3 .00 1 1  48 .32 Asymp. Sig . .000 
4.00 1 8  56.86 
Total 93 
a Kruskal Wall is Test 
b. Grouping Variable: Dams: 
1: AI Shuweib dam; 2: AI-Bih dam; 3:  AI-Tawiyeen dam; and 4: Ham dam 
Appendix 1 .23 . Kruskal-Wall is test for (Cr) concentration in the four  investigated dams 
Ranks Test Statistics·,D 
Dams N Mean Rank Cr  
Cr  1 .00 4 1  47. 1 1 Chi-Squar 66.46 1 
2 .00 23 1 5.57 df 3 
3.00 1 1  50.95 Asymp. Sig . .000 
4 .00 1 8  84.50 
Total 93 
a .  Kruskal Wall is Test 
b. Grouping Variable: Dams:  
1 :  AI Shuweib dam; 2: AI-Bih dam; 3: AI-Tawiyeen dam; and 4: Ham dam 
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Appendix II 24 Kruskal-Wali is test for (Cu) concentration in the four Investigated dams 
Ranks Test Statistics·,D 
Dams N Mean Rank Cu 
Cu 1 .00 4 1  29.88 Chi-Squar 62.642 
2.00 23 37.39 df 3 
3.00 1 1  71 . 1 4  Asymp. Sig. .000 
4.00 1 8  83.53 
Total 93 
a. Kruskal Wall is Test 
b Grouping Variable. Dams 
1 AI Shuwelb dam, 2 AI-Blh dam, 3.  AI-Tawlyeen dam, and 4 . Ham dam 
Appendix I I  25 Kruskal-Wall is test for (Pb) concentration in the four  investigated dams 
Ranks Test Statistics·,D 
Dams N Mean Rank Pb 
Pb 1 .00 4 1  23.67 Chi-Squar 62.083 
2.00 23 70.80 df 3 
3.00 1 1  76.09 Asymp.  Sig. .000 
4.00 1 8  5 1 .94 
Total 93 
a.  Kruskal Wallis Test 
b.  Grouping Variable Dams' 
1 :  AI Shuweib dam, 2: AI-Bih dam; 3: AI-Tawlyeen dam; and 4: Ham dam 
Appendix 1 1 .26. Kruska l-Wall is test for (Zn) concentrat ion in the four  investigated dams 
Ran ks Test Statistics·,D 
Dams N Mean Rank Zn 
Zn 1 .00 4 1  30. 1 3  Chi-Squar 43 .454 
2.00 23 46.65 df 3 
3.00 1 1  80.64 Asymp. Sig . .000 
4.00 1 8  65.31 
Total 93 
a. Kruskal Wallis Test 
b.  Grouping Variable' Dams: 
1 :  AI Shuweib dam; 2: AI-Bih dam; 3: AI-Tawiyeen dam; and 4' Ham dam 
Appendix 1 1 .27 .  Multiple Comparisons (Tukey's HSD) ,  for Rank of (AI) concentration in the 
investigated four  dams 
( I )  Dam (J )  Dam Mean Std. Error Sig.  95% Confidence Interval Difference ( I..J )  
Lower Bound U��er Bound 
Bih Ham - 1 8 .07246" 5 .085455 .003 -31 .38741 -4.75752 
Shuweib 27 .61 453" 4.209904 .000 1 6.591 98 38.63707 
Tawiyeen -28.87549* 5.924030 .000 -44 .38603 -1 3 .36495 
Ham Bih 1 8.07246* 5 .085455 .003 4 .75752 31 .38741 
Shuweib 45.68699* 4 .569 1 55 .000 33.72384 57.650 1 4  
Tawiyeen - 1 0 .80303 6 . 1 84498 .306 -26.99554 5 .38948 
Shuweib Bih -27 .61 453* 4 .209904 .000 -38.63707 - 1 6.591 98 
Ham -45.68699' 4 .5691 55 .000 -57.6501 4  -33.72384 
Tawiyeen -56.49002* 5 .487208 .000 -70.85686 -42 . 1 23 1 9  
Tawiyeen Bih 28.87549* 5.924030 .000 1 3 .36495 44.38603 
Ham 1 0.80303 6 . 1 84498 .306 -5.38948 26.99554 
Shuweib 56 .49002* 5.487208 .000 42 . 1 23 1 9  70.85686 
Based on observed means • The mean difference is significant at the .05 level 
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Appendix 1 1 .28 Multiple Comparrsons (Tukey's HSD), for Rank of (Fe) concentration in the 
investigated four  dams 
( I ) Dam (J ) Dam 
Mean Difference Std. Error Sig.  95% Confidence Interval ( I-J ) 
Lower Bound Ueeer Bound 
Bih Ham -42 301 93' 5.390484 .000 -56 .41 552 -28 . 1 8834 
Shuweib 9.79427 4 .4624 1 7  . 1 33 - 1 .8894 1 2 1 .47796 
Tawiyeen -29.95850' 6.279358 .000 -46.39937 -1 3.51 762 
Ham Bih 42,301 93* 5.390484 .000 28.1 8834 56.4 1 552 
Shuweib 52.0962 1 '  4.8432 1 6  .000 39.4 1 550 64.77692 
Tawlyeen 1 2 .34343 6 .555449 .243 -4.8203 1 29.507 1 8  
Shuweib Blh -9.79427 4 .4624 1 7  . 1 33 -2 1 .47796 1 .8894 1 
Ham -52.0962 1 '  4.8432 1 6  .000 -64.77692 -39 .41 550 
Tawiyeen -39.75277* 5 .81 6335 .000 -54.981 34 -24.52420 
Tawiyeen Bih 29.95850* 6.279358 .000 1 3.51 762 46.39937 
Ham -1 2 34343 6 .555449 .243 -29.5071 8  4 .82031 
Shuweib 39.75277* 5 .81 6335 .000 24.52420 54.98 1 34 
Based on observed means • The mean d ifference is sign ificant at the .05 level 
Appendix 1 1 .29. Multiple Comparisons (Tukey's HSD) ,  for Rank of (Cd) concentration in the 
investigated four dams 
( I ) Dam (J) Dam 
Mean Difference Std. Error Sig.  95% C onfidence I nterval  ( I -J ) 
Lower Bound Ueeer Bound 
Bih Ham - 1 2 .861 1 1 '  3.303266 .001 -2 1 .50986 -4 .21 236 
Shuweib .00000 2 .734551 1 .000 -7. 1 5971 7 . 1 5971 
Tawiyeen -4.3 1 8 1 8  3.847964 .677 - 1 4 .39308 5.75672 
Ham Bih 1 2 .861 1 1 *  3 .303266 .001 4 .2 1 236 2 1 .50986 
Shuweib 1 2 .861 1 1 *  2 .967903 .000 5.09043 20.63 1 80 
Tawiyeen 8.54293 4 .01 7 1 52 . 1 53 - 1 .97494 1 9.06080 
Shuweib Bih .00000 2 .734551 1 .000 -7 . 1 5971 7 . 1 5971 
Ham - 1 2.861 1 1 ' 2 .967903 .000 -20.631 80 -5.09043 
Tawiyeen -4.3 1 8 1 8  3.564226 .621 -1 3 .6501 9  5.01 382 
Tawiyeen Bih 4 .31 8 1 8  3.847964 .677 -5. 75672 1 4.39308 
Ham -8 .54293 4 .01 7 1 52 . 1 53 - 1 9 .06080 1 .97494 
Shuweib 4 .3 1 8 1 8  3 .564226 .621 -5.01 382 1 3.650 1 9  
• The mean d ifference IS significant a t  the . 05 level 
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Appendix I I  30. Multiple Comparisons (Tukey's HSD). for Rank of (Cr) concentration in the 
investigated four dams 
( I )  Dam (J) Dam 
Mean Difference Std. Error S ig .  95% Confidence I nterval 
(I -J )  
Lower Bound U��er Bound 
Bih Ham -68.93478* 4.540348 .000 -80.82251 -57.04705 
Shuweib -31 .54454* 3.758647 .000 -4 1 .38558 -21 .70349 
Tawiyeen -35.38933* 5.289037 .000 -49.23730 -21 .54 1 35 
Ham Blh 68 93478" 4.540348 .000 57.04705 80.82251 
Shuweib 37.39024" 4 .079390 .000 26.70942 48.07 1 07 
Tawlyeen 33.54545" 5 .52 1 586 .000 1 9.08861 48.00230 
Shuweib Bih 3 1 .54454* 3 .758647 .000 2 1 .70349 4 1 .38558 
Ham -37.39024* 4.079390 .000 -48.071 07 -26.70942 
Tawiyeen -3.84479 4.899038 .861 -1 6.671 65 8.98207 
Tawiyeen Bih 35.38933* 5 .289037 .000 2 1 .54 1 35 49.23730 
Ham -33.54545" 5 .52 1 586 .000 -48 .00230 -1 9.08861 
Shuweib 3.84479 4.899038 .861 -8.98207 1 6.67 1 65 
" The mean difference IS Significant at the .05 level 
Appendix 1 1 .3 1 .  Multiple Comparisons (Tukey's HSD) .  for Rank of (Cu) concentration in the 
investigated four dams 
< I )  Dam (J) Dam Mean D i fference Std. Error Sig.  95% Confidence Interval 
(I-J ) 
Lower Bound U��er Bound 
Bih Ham -46 . 1 3647* 4.82099 1 .000 -58.75899 -33.51 .395 
Shuweib 7 .51 326 3.990972 .243 -2.93607 1 7 .96258 
Tawiyeen -33.74506" 5 .61 5957 .000 -48 .44899 -1 9.04 1 1 3  
Ham Bih 46. 1 3647* 4 .820991 .000 33.51 395 58.75899 
Shuweib 53.64973" 4.33 1 54 1  .000 42.30871  64.99075 
Tawiyeen 1 2 .39 1 4 1  5 .862880 . 1 57 -2.95902 27.74 1 85 
Shuweib Bih -7 .51 326 3.990972 .243 - 1 7 .96258 2 .93607 
Ham -53.64973· 4 .33 1 54 1  .000 -64.99075 -42 .3087 1  
Tawiyeen -41 .2583 1 "  5 .201 852 .000 -54 .87802 -27.63861 
Tawiyeen Bih 33.74506· 5 .61 5957 .000 1 9.04 1 1 3  48.44899 
Ham -1 2 .39 1 4 1  5 .862880 . 1 57 -27 .74 1 85 2 .95902 
Shuweib 4 1 .25831 * 5 .201 852 .000 27 .63861 54.87802 
Based on observed means *: The mean difference is Significant at the .05 level 
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Appendix I I  32. Mult iple Comparisons (Tukey's HSD), for Rank of (Pb) concentration in the 
investigated four  dams 
( I )  Dam (J )  Dam Mean Difference Std. Error Si9·  95% Confidence I nterva l ( I-J)  
Lower Bound U��er Bound 
Bih Ham 1 8.85990' 4 .91 7472 .001 5.98478 3 1 .73503 
Shuweib 47 . 1 3362" 4.070842 .000 36.475 1 7  57.79206 
Tawlyeen -5.28656 5 .728347 .793 -20.28476 9 .7 1 1 63 
Ham B lh  - 1 8 .85990" 4 9 1 7472 .001 -31 .73503 -5.98478 
Shuwelb 28.2737 1 '  4 .4 1 8226 .000 1 6 .70573 39.841 70 
Tawiyeen -24. 1 4646' 5.9802 1 1 .001 -39.804 1 0  -8 .48883 
Shuweib Bih -47 . 1 3362' 4.070842 .000 -57.79206 -36 .4751 7 
Ham -28.2737 1 '  4 . 4 1 8226 .000 -39.84 1 70 - 1 6 . 70573 
Tawlyeen -52 .420 1 8' 5 .305955 .000 -66 .31 245 -38 .52791 
Tawlyeen Bih 5.28656 5 .728347 .793 -9.7 1 1 63 20.28476 
Ham 24. 1 4646' 5.9802 1 1 .00 1 8 .48883 39.804 1 0  
Shuweib 52 420 1 8" 5.305955 .000 38.52791 66.31 245 
Based on observed means ' The mean difference is significant at the 05 level 
Appendix II 33. Multiple Comparisons (Tukey's HSD) ,  for Rank of (Zn) concentration in the 
investigated four dams 
( I )  Dam (J )  Dam Mean Difference Std. Error Si9 ·  95% Confidence Interval ( I-J) 
Lower Bound U��er Bound 
Bih Ham -1 8 .65338' 6 . 1 2 1 338 .01 6 -34.68052 -2.62624 
Shuweib 1 6.51 803" 5.06744 1 .008 3.25024 29.78581 
Tawiyeen -33.984 1 9' 7 . 1 30726 .000 -52.654 1 5  - 1 5. 3 1 423 
Ham Bih 1 8 .65338' 6 . 1 2 1 338 .01 6 2 .62624 34.68052 
Shuweib 35. 1 7 1 4 1 '  5 .499870 .000 20.771 42 49.57 1 40 
Tawiyeen - 1 5 .3308 1 7 .444250 . 1 75 -34.82 1 65 4 . 1 6004 
Shuweib Bih - 1 6 . 5 1 803' 5.067441 .008 -29.7858 1 -3.25024 
Ham -35. 1 7 1 4 1 "  5.499870 .000 -49.571 40 -20 .771 42 
Tawiyeen -50.50222' 6 .604926 .000 -67.79551 -33.20893 
Tawiyeen Bih 33.984 1 9' 7 . 1 30726 .000 1 5. 3 1 423 52.654 1 5  
Ham 1 5.3308 1 7 .444250 . 1 75 -4 . 1 6004 34.82 1 65 
Shuweib 50.50222" 6 .604926 .000 33.20893 67.7955 1 
Based on observed means ' The mean difference is sign ificant at the .05 level 
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Appendix 1 1 1 . 1 P lotted h istogram showing the textural classification of the sediment samples of 
AI-Shuweib dam accord ing to textural C lassification Triangle (Folk ,  1 974) . 
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Appendix 1 1 1 . 2  P lotted histogram showing the textural  classification of the sed iment samples of 
AI-Sih dam according to textural C lassification Triangle (Folk,  1 974). 
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Appendix I I I  3 .  P lotted h istogram showing the  textural classification of  the sediment samples 
of AI-Tawiyeen dam accord ing to textural C lassification Triangle (Folk,  1 974) 
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Appendix 1 1 1 .4 .  Plotted h istogram showing the textural classification of the sediment samples 
of Ham dam accord ing to textural C lassification Triangle (Folk ,  1 974) 
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Append ix IV. 1 .  H istogram shows the d istribution of (AI) concentration measured in sed iments 
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Appendix IV.2. H istogram shows the d istribution of (Fe) concentration measured in sed iments 
collected from AI-Shwaibb. AI-B ih .  A I-Tawiyeen .  and Ham dams 
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Appendix IV.3. Histogram shows the d istribution of (Cd) concentration measu red in sed iments 
col lected from AI-Tawiyeen. and Ham dams 
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Appendix IV.4 .  H istogram shows the d istribution of (Cr) concentration measured in sed iments 
col lected from AI-Shwaibb, AI-B ih ,  AI-Tawiyeen, and Ham dams 
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Appendix IV.S. H istogram shows the d istribution of (Cu) concentration measured in sed iments 



























0 01 0 015 
A I- S h u w i e h  Dam 
Mean =0 02 





f-- n I 
O OC 0 (r.S  0 03  0 035  
(Pb) 
H a m  Dam -- -




O OC 0 025 0 03  
(Pb) 
0 035  0 04 
1 0  
>-











0" 3  
., .. u. 
o 
. 
Mean =0 04  
SId Dev =0 007 
N :23 
.---
0 03  
r-
Mean =0 04 Std. Dev =0.005 
N :1 1  
O OCS 0 03  
A I- B i h  Dam 
r--
0 04  O OS  
(Pb) 
AI- Tawiyeen Dam 




O OS  
-
0 045 
Appendix IV.6. H istogram shows the d istribution of (Pb) concentration measured in sed iments 
collected from AI·Shwaibb, AI-Bih, AI-Tawiyeen,  and H am dams 
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Appendix IV.? Histogram shows the d istribution o f  (Zn) concentration measured in  sed iments 
col lected from AI-Shwaibb, AI-Bih ,  AI-Tawiyeen, and Ham dams. 
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